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Chapter I

INTRODUCTION

This technical appendix describes the methods used to assess changes in habitat water quality that
could result from implementation of the Central Valley Project Improvement Act (CVPIA). The
results of this assessment are reported in Attachment B to the Fisheries Technical Appendix, "Fish
Habitat Water Quality Technical Information." These results are used to describe changes in
reservoir habitat conditions that depend on reservoir volume, riverine habitat conditions that depend
on river flow and river temperature, and Delta habitat conditions that are a function of Delta channel
flows and salinity. The estimated changes in these conditions were used in the impact analyses for
the Fisheries, Vegetation and Wildlife, Cultural Resources, and Recreation technical appendices.

Chapter 2 of this appendix discusses the methods used to estimate river dimensions, analyzes the
U.S. Bureau of Reclamation’s (Reclamation’s) temperature model, and describes the procedures used
for estimating Delta habitat conditions. Attachment B to the Fisheries Technical Appendix, "Fish
Habitat Water Quality Technical Information," describes the reservoir geometry that governs
reservoir habitat conditions, including reservoir and release temperatures. The river hydraulic
geometry that governs habitat conditions, including river temperatures, is described for each major
tributary directly or indirectly affected by Central Valley Project (CVP) operations.

The monthly reservoir and river temperature models used to estimate habitat water quality conditions
downstream of the major CVP and State Water Project (SWP) reservoirs are thoroughly documented,
and the calibration results are described to increase confidence in the programmatic environmental
impact statement (PEIS) assessment results.

The calculations used to estimate salinity and entrainment as a function of Delta channel flows are
described. These two habitat conditions are the most important assessment variables for Delta
fisheries described in this technical appendix.
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Chapter II

DESCRIPTION

RESERVOIR GEOMETRY DATA

Reservoir geometry data provide the framework for calculations of reservoir habitat conditions,
including estimates of habitat area for fish spawning and for shoreline wildlife. Reservoir geometry
is also the basis for estimating evaporation and heat exchange at the surface and determining the
changes in temperature profiles caused by inflows to and outflows from reservoirs. Geometry data
for each CVP reservoir being evaluated in the CVPIA PEIS impact assessments have already been
presented in Attachment B to the Fisheries Technical Appendix, "Fish Habitat Water Quality
Technical Information." The area and the cumulative volume at each elevation are shown in the
tables in Attachment B in 10-foot increments of elevation. The elevation of each reservoir outlet is
also shown. Storage volume estimates were generated with the monthly planning models PROSIM
and SANJASM, which report end-of-month volumes. The geometry tables were used to calculate
end-of-month elevations and surface areas Corresponding to the monthly volumes. The reservoir
geometry data were evaluated for the impact assessments in the Vegetation and Wildlife, Fisheries,
Cultural Resources, and Recreation technical appendices.

RIVER HYDRAULIC GEOMETRY

River channel geometry is the result of geomorphic and hydrologic processes acting on soils and
alluvial deposits and is quite complex and non-uniform. Rivers are composed of sequences of pools
and riffles and are characterized by meanders and bends, with side channels and overbanks. The
riparian corridor habitat is therefore not easily described with simple parameters. However, some
of the basic features of the river channel can be generally described as functions of river flow using
the concept of river hydraulic geometry.

The total flow in a river channel can be related to an average surface width, an average depth, and
an average velocity. Although the fiver will have wide spots and narrow spots, the average surface
width is characteristic of the river channel geometry and will increase somewhat as the flow is
increased. Similarly, the river depth varies across the channel and also varies between riffles and
pools, but the average depth is characteristic of the river channel geometry and will increase as the
flow is increased. The river velocity is highly variable across the river and between riffles and pools
but can be estimated once the average width and mean depth are measured, because the flow will
equal the width times the depth times the velocity. Flow, average surface width, average depth, and
average velocity are related to each other by the following equation:

Flow = Average Surface Width x Average Depth x Average Velocity
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The hydraulic geometry of a river channel segment can be approximated with hydraulic geometry
equations that are simple geometric functions of flow:

Average Velocity = Av x Flow~v
Average Depth = Cad +

and

Average Surface Width = Cw + Aw x Flowsw

where:

A,, B,, and C, are empirically determined values.

The constants (C,) represent the pools of water (width and depth) that are left in the river when there
is no flow. If the C constants equal zero, then the aforementioned relationships lead to the
conclusion that Av x Aaa x Aw = 1 and By +B aa +Bw =1.

In some cases, the pattern of the measured data cannot be approximated by an equation of the general
form © + B x flowa). A deviation from this simple "geometric" shape is an indication of a
discontinuity in the shape of the channel. For instance, the bottom part of a river channel may have
steep walls, but higher up the banks there may be a terrace. As flow increases through the lower
range of values, this type of channel would have depths that increase quickly, but widths that
increase slowly. Once the river reaches the terrace, the width increases more rapidly and the depth
increases more slowly. Other types of stream phenomena (e.g., flooding of islands and flooding into
a shallow secondary channel) might also account for the variations in width and depth observations.

The hydraulic geometry for each major river and tributary stream selected for CVPIA PEIS impact
assessments was characterized with available data from U.S. Geological Survey (USGS) streamflow
measurements. The measurements provide an initial characterization of the effects of changes in
flow on the river channel geometry. The changes in width, depth, and velocity can therefore be
described as a function of flow. However, the distribution of depth and velocity habitat conditions
within the river channel at a selected flow cannot be determined from this average channel geometry.
More detailed instream flow measurements (i.e., measurements from an Instream Flow Incremental
Methodology [IFIM] study) would be required to fully characterize the river channel habitat
conditions.

Two types of USGS data were used to estimate these hydraulic geometry equations for selected
USGS gaging stations in the Central Valley. Rating tables (river stage versus flow) were used to
estimate the relationship between gage depth and flow. Maximum river depth can be approximated
by subtracting the gage offset value (provided with the rating table) from the reported gage height.
The maximum depth estimated from the rating tables will be slightly lower than actual maximum
depth if the gage height at zero flow does not represent the bottom of the river. The rating tables do
not provide a way of estimating the stagnant pool depth.

The mean depth is expected to be less than the maximum depth, but the mean and maximum depths
should increase at approximately the same rate with higher flows. However, maximum depth may
increase more rapidly with flow than the mean depth if the width is increasing substantially with
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flow. Raising the river stage by 1 foot will increase the depth of water across the river by 1 foot, but
the new width increment, which contains some areas less than 1 foot deep, will limit the mean depth
increase to slightly less than 1 foot.

The second type of river hydraulic geometry data was obtained from USGS "Summary of
Discharge Measurement Data" tables that contain the flows, widths, velocities, and cross-sectional
areas that were measured by USGS field crews to check the accuracy of the rating tables. Although
these measurements are made to estimate flow at the gaging station, the measurements themselves
are generally taken at a nearby location that is better situated for making river geometry and flow
measurements, but which has the same flow as the gaging station.

To estimate width, average depth, and velocity as a function of flow, discharge measurement data
collected between 1991 and 1995 were used. Between 20 and 60 sets of river geometry and flow
data were used to estimate the river geometry equations for each river gage location. Fortunately,
many of the data sets contained some high flow values collected in 1993 and 1995. Data from
measurements of higher flows extend the range of flows over which the equations may be applied.

The highest flows measured were seldom as high as the maximum rating table flows but were well
above the range of flows that would likely be regulated under the CVPIA PEIS alternatives. The
changes in channel geometry within the range of specified instream flow targets for the Anadromous
Fish Restoration Program (AFRP) are well described with these USGS measurements. Although
discharge measurement stations may not be representative of the entire river reach, they do provide
an initial description of channel hydraulic geometry for each river and are adequate for programmatic
impact assessments based on simulated changes in monthly flows in these rivers.

To estimate the width, depth, and velocity equations, the C coefficient (width and depth values at
zero flow) were assumed to be zero. Width, depth, and velocity data were transformed to
logarithmic values, and a standard linear regression was applied to determine the hydraulic geometry
relationships with streamflow. In some cases, the regression analysis did not provide good estimates
over the entire range of flows. When the discharge data indicated a major change in the channel
width or depth at a relatively high flow (indicating a side channel or levee top), the regression was
applied to the lower range of flows that are most likely to be regulated under the CVPIA PEIS
alternatives.

The hydraulic geometry coefficients (A ,) and exponents (B ,) for the width, depth, and velocity
equations for each river location are given in Table II-1. Although the coefficients varied from
location to location, some general trends are apparent. Stations on larger rivers have larger width
coefficients, but the width exponents are not necessarily greater for larger rivers. The width
exponent tends to be relatively low compared with the depth and velocity exponents. The average
width exponent from all the river locations was 0.12, whereas the average velocity exponent was
0.44, and the average mean-depth exponent was 0.44 (the sum of these exponents is 1.0). The
average maximum-depth exponent was 0.49, increasing slightly faster than the mean depth. These
exponent values are similar to those obtained in other river hydraulic geometry investigations
(Linsley et al., 1975).
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COEFFICIENTS AND EXPONENTS FOR ESTIMATING RIVER DEPTH,
WIDTH, AND VELOCITY AS A FUNCTION OF FLOW

Product of
Average Depth, Sum of Average

Gage Depth Average Depth Width Velocity Width, and Depth, Width,
Location Velocity and Velocity
Description Coefficient Exponent Coefficient Exponent Coefficient Exponent Coefficient Exponent Coefficients Coefficients

Tdnity River at Lewiston Lake 0.164 0.406 0.200 0.375 33.7 0.226 0.150 0.400 1.011 1.001
Clear Creek near Igo 0.189 0.411 0.508 0.294 48.5 0.067 0.040 0.630 0.986 0.991
Feather River near Gridley 0.027 0.587 2.800 0.170 207.0 0.040 0.002 0.800 0.985 1.010
Yuba River below Englebdght Lake 0.511 0.348 3.250 0.124 90.6 0.071 0.003 0.805 1.001 1.000
Yuba River at Marysville .... 0,082 0.488 125.7 0.002 0.097 0.510 1.000 1.000 (.~
Bear River near Wheatland 0.363 0.367 0,170 0.420 30.0 0.200 0.200 0.385 1.020 1.005
American River at Fair Oaks 0.110 0.460 0.274 0.368 138.7 0.115 0.026 0.517 0.988 1.000 03
Sacramento River at Keswick, Boards In 0.004 0.820 2.690 0.120 467.6 0.024 0.001 0.855 1.006 0.999
Sacramento River at Keswick, Boards Out 0.004 0.820 0.163 0.386 144.0 0.137 0.043 0.477 1.009 1.000 03
Sacramento River above Bend Bridge 0.020 0.630 0.005 0.780 197.0 0.067 1.112 0.161 0.986 1.008
Sacramento River at Butte City 0.025 0.600 0.153 0.455 332.6 0.038 0.020 0.510 1.018 1.003
Sacramento River below Wilkins Slough 0.009 0.790 0.084 0.553 57.9 0.160 0.207 0.287 1.002 1.000
Sacramento River at Verona 0.016 0.678 0,050 0.561 215.0 0.090 0.092 0.350 0.989 1.001
Cosumnes River at Michigan Bar 0.296 0.345 0.250 0.350 115.0 0.100 0.035 0.550 1.006 1.000
Mokelumne River below Camanche 0.051 0.580 0.080 0.525 37.3 0.141 0.335 0.323 1.000 0.989
Mokelumne River at Woodbridge 0.141 0.598 0,095 0.630 32.0 0.115 0.328 0.253 0.997 0.998 I

Calaveras River below New Hogan Lake 0.078 0.526 0,278 0.291 39.5 0.120 0.090 0.590 0.988 1.001 O
Stanislaus River below Goodwin Dam 0.110 0.500 0.335 0.354 44.3 0.125 0.068 0.521 1.010 1.000
Stanislaus River at Ripon 0.215 0.520 0.084 0.602 24.0 0.205 0.496 0.193 1.000 1.000
Tuolumne River below La Grange Dam 0.381 0.394 0.220 0.400 17.0 0.300 0.270 0.300 1.010 1.000
Tuolumne River at Modesto .... 0.066 0.612 48.8 0.111 0.311 0.276 1.001 0.999
Merced River below Merced Falls Dam 0.158 0.457 0.308 0.339 49.3 0.124 0.066 0.538 1.003 1.001
Merced River near Stevinson 0.380 0.430 0,094 0.555 29.6 0.217 0.361 0.228 1.004 1.000
San Joaquin River at Newman 0.400 0.400 0,063 0.579 35.0 0.220 0.456 0.201 1.005 1.000
jSan Joaquin River at Vernalis 0.130 0.500 0,050 0.590 114.3 0.108 0.175 0.300 1.000 0.998

Average 0.151 0.487 0.494 0.437 107.0 0.125 0.199 0.438 1.001 1.000
Standard Deviation 0.153 0.145 0.923 0.166 108.5 0.072 0.241 0.197 0.010 0.004

Maximum 0.511 0.820 3,250 0.780 467.6 0.300 1.112 0.855 1.020 1.010
Minimum 0.004 0.345 0,005 0.120 17.0 0.002 0.001 0.161 0.985 0.989



Draft PEIS Description

Although the hydraulic geometry equations cannot completely describe a river channel, they can be
used to characterize the basic hydraulics in a section of river. The following section describes how
well the hydraulic geometry equations (given in Table II-1) fit the measured data (shown in
Figures II-1 to II-24) and occasionally notes interesting river features indicated by the data.

TRINITY RIVER AT LEWISTON LAKE

For the most part, the stream geometry equations for the Trinity River at Lewiston Lake fit the
measured data well, as shown in Figure II-1. However, the measured average depths and velocities
show a slight discontinuity between 500 and 1,000 cubic feet per second (cfs). This discontinuity
could be caused by a change in measurement procedures as flow increases or by an anomaly in the
shape of the channel cross section.

CLEAR CREEK NEAR IGO

The geometry equations for Clear Creek near Igo fit the data well for flows less than 2,000 cfs, as
shown in Figure II-2. However, above 2,000 cfs, measured width, velocity, and average depth all
deviate from the equations, perhaps because of a side channel or overbank. The low flow range is
appropriate for evaluating conditions in Clear Creek under the CVPIA alternatives because the range
of reservoir releases from Whiskeytown Lake being considered is below 2,000 cfs.

FEATHER RIVER NEAR GRIDLEY

The hydraulic geometry equations for the Feather River near Gridley work best for flows less than
20,000 cfs, as shown in Figure II-3. Width is relatively constant, suggesting the presence of levees
or bluffs along the banks.

YUBA RIVER BELOW ENGLEBRIGHT LAKE NEAR SMARTVILLE

The data for the Yuba River below Englebright Lake near Smartville closely followed a single set
of hydraulic geometry equations, as shown in Figure II-4. This station is among those with the
lowest exponents for depth and width. These low exponents reflect the fact that width and depth
increase relatively little with flow. This is characteristic of a pool, with the hydraulic "control point"
downstream. To compensate for the almost invariant width and depth, velocity increases
significantly as flow increases.

YUBA RIVER AT MARYSVILLE

The hydraulic geometry equations for the Yuba River at Marysville match the data well at flows of
less than 2,000 cfs, as shown in Figure I1-5. At this station, almost all the increases in flow result
in increases in depth and velocity. The constant width is indicative of steep banks or levees. At
flows of more than 4,000 cfs, the width increases significantly, suggesting the presence of an
overbank or side channel. The lower flow conditions are appropriate for evaluating conditions on
the Yuba River under the CVPIA alternatives. The USGS did not have a rating table for this station
in its computer at the time of the request (i.e., it was being revised).
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Draft PEIS Description

BEAR RIVER NEAR WHEATLAND

The measured data for the Bear River at Wheatland are matched well by a single set of hydraulic
geometry equations, as shown in Figure II-6. There are no large discontinuities.

AMERICAN RIVER AT FAIR OAKS

A single set of hydraulic geometry equations for the American River at Fair Oaks was able to match
the entire range of measured data, as shown in Figure II-7. Increases in flow are split equally
between channel depth and velocity.

SACRAMENTO RIVER AT KESWlCK RESERVOIR

The width, velocity, and average depth of the Sacramento River at Keswick Reservoir are affected
by whether the Anderson-Cottonwood Irrigation District (ACID) diversion dam flashboards are in
position. The response of these three parameters to changes in flow suggests that the ACID
diversion dam flashboards are able to pond water at the point where these channel values are
measured.

When the flashboards are in place, width and depth change little, but velocity increases markedly.
This pattern is the same as that observed at the Yuba River below Englebright Lake. As flow
increases, the water depth over the flashboard increases very little. When the ACID flashboards are
not in place, the exponents for width, average depth, and velocity are more similar to those from
other river stations, as shown in Figure I1-8.

The rating table for this station does not specify whether the ACID flashboards are in place, so the
gage must be upstream of the influence of the diversion dam. This station has the highest exponent
for maximum depth (0.82). It is also unusual that the maximum rating table flow (18,000 cfs) is far
below the maximum flow at which a discharge measurement was made (76,800 cfs).

SACRAMENTO RIVER ABOVE BEND BRIDGE

Figure II-9 shows that there is a sharp discontinuity in the measured width and depth values for the
Sacramento River at Bend Bridge at flows between 40,000 and 55,000 cfs, suggesting the presence
of an overbank or levee top. The equations for maximum depth (stage) and velocity match the data
well, even at the maximum flow values. Hydraulic geometry equations for average depth and width,
however, only match the data for flows below 40,000 cfs.

SACRAMENTO RIVER AT BUTTE CITY

Figure II-10 shows that a single set of hydraulic geometry equations for the Sacramento River at
Butte City follows the measured data well for all flows except the highest (more than 80,000 cfs).
The fact that the width values increased only slightly with flow indicates that this site probably has
steep banks or levees.
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Draft PEIS Description

SACRAMENTO RIVER BELOW WILKINS SLOUGH

Figure II-11 shows that the geometry equations for the Sacramento River below Wilkins Slough fit
the measured data well, except at the highest flows of approximately 30,000 cfs. The differences
between the measured widths corresponding to flows of 3,000 cfs and 6,000 cfs and the widths at
other flows indicate that these two measurements may have been taken differently than the others.

SACRAMENTO RIVER AT VERONA

Figure II-12 shows that the equations for maximum depth, average depth, and velocity for the
Sacramento River at Verona match the data moderately well to a flow of approximately 50,000 cfs.
The small change in width suggests the presence of steep banks or levees.

COSUMNES RIVER AT MICHIGAN BAR

Figure II-13 shows that the measured width of the Cosumnes River at Michigan Bar rapidly increases
at low flows (less than 500 cfs) and remains relatively constant at 250-300 feet at flows between
1,000 cfs and 20,000 cfs. This may be explained by the presence of an alluvial channel between
steep bluffs. Another possibility is that these measurements were made at two different locations.

MOKELUMNE RIVER BELOW CAMANCHE RESERVOIR

Figure II-14 indicates that discharge measurements have been made only at flows of less than
1,500 cfs (during 1990-1995). The width increases from 100 feet to approximately 150 feet at flows
between 800 cfs and 1,200 cfs, suggesting that an overbank area becomes flooded at these flows.
The width and velocity data measured at lower flows appear to be in two groups. The higher set of
velocity data was collected earlier, indicating a possible change in measurement location (or in
channel shape) in mid- 1992.

MOKELUMNE RIVER AT WOODBRIDGE

Figure II-15 shows that this station has a slight discontinuity in width (decrease) and average depth
(increase) at 200 cfs. The use of two different measurement locations could account for this change.
The measurements between 200 cfs and 1,000 cfs were used in the hydraulic geometry equations.

CALAVERAS RIVER BELOW NEW HOGAN LAKE

Although the rating table data for the Calaveras River below New Hogan Lake extend to 10,000 cfs,
the measured discharge data shown in Figure II-16 were only for flows below 300 cfs. The width
and velocity data indicate a discontinuity between 100 and 150 cfs. The hydraulic geometry
equations were chosen to fit the higher flows.
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STANISLAUS RIVER BELOW GOODWIN DAM

Figure II-17 indicates that a single set of geometry equations for the Stanislaus River below Goodwin
Dam fits the data well. All the average depth, width, and velocity data were measured at flows
below !,500 cfs. The rating table data, however, extend to flows of 40,000 cfs.

STANISLAUS RIVER AT RIPON

Figure II-18 shows that the average depth, width, and velocity data for the Stanislaus River at Ripon
can be fairly well matched by a single set of hydraulic geometry equations. Unlike most other
stations, however, the rating table data could not be matched by a single equation for maximum
depth. The hydraulic geometry at Goodwin Dam and at Ripon were quite similar.

TUOLUMNE RIVER BELOW LA GRANGE

Single hydraulic geometry equations for the Tuolumne River below La Grange were sufficient to
match the measured fiver geometry data shown in Figure II-19. The average depth and velocity at
the lower values were somewhat scattered. This station had one of the highest width exponents,
suggesting the absence of levees or bluffs.

TUOLUMNE RIVER AT MODESTO

The USGS did not have a rating table for the Tuolumne River at Modesto in its computer at the time
of the request (i.e., it was being revised). The width and depth data shown in Figure II-20 suggest
that two locations were used for the discharge measurements. Two sets of equations are needed to
closely match these data. The chosen hydraulic geometry equations were those that gave the best
match over the entire range of flows.

MERCED RIVER BELOW MERCED FALLS DAM

Figure II-21 shows that single hydraulic geometry equations for the Merced River below Merced
Falls Dam were sufficient to match the measured fiver geometry data well over the entire range of
flows.

MERCED RIVER NEAR STEVINSON

Figure II-22 indicates that the hydraulic geometry equations near the mouth of the Merced River
were different from those below Merced Falls, indicating some changes in the hydraulic geometry
along this river. Widths were very similar at the two locations, but depths were greater and
velocities were lower at this downstream site.

SAN JOAQUIN RIVER NEAR NEWMAN

Figure II-23 indicates that most of the discharge measurements for the San Joaquin River near
Newman were taken at flows of less than 2,000 cfs. A single equation cannot fit the entire range of
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rating table flows. The chosen equation does not match gage depth at flows greater than 20,000 cfs.
Single hydraulic geometry equations fit the other geometry data fairly well.

SAN JOAQUIN RIVER NEAR VERNALIS

Figure II-24 indicates that most discharge measurements were taken at flows of less than 5,000 cfs.
There is a discontinuity at flows greater than 10,000 cfs (overbank or side channel). More discharge
measurements at the higher range of flows are needed to further define the hydraulic geometry.

STREAM HABITAT CONDITIONS

The hydraulic geometry relationships with flow described in this section and summarized in Table II-
1 can be used to provide an initial assessment of stream geometry changes with changes in flows for
some of the major Central Valley rivers. Most of the rivers are represented by data from only one
or two USGS stations, although the Sacramento River is represented by five stations. Rivers could
be characterized more thoroughly if hydraulic geometry data were compiled from more locations.
Sets of aerial photographs taken at different flows could provide more accurate information on
surface area and riparian shade. Results from IFIM studies would provide a more complete
description of all riverine habitats, including fifties, runs, and pools, and would cover the entire
length of the river.

Hydraulic geometry relationships can be used to provide general information about the stream habitat
conditions. Surface area is an important riparian parameter that may be of interest in evaluation of
such things as amount of fish habitat, river temperature warming, and riparian vegetation inundation.
Surface area (acres) can be estimated from the river width as:

Surface Area (acres) = Reach Length (miles) x Surface Width (feet) x 0.1212

For example, a river with a width of 100 feet would have a surface area of 12.12 acres per mile of
stream length. The hydraulic geometry (surface area) used for the river temperature models can be
compared with the hydraulic geometry relationships given in Table II-1.

The volume of water within each mile of stream can be calculated from the surface area and the
mean depth as:

Volume (acre-feet) = Surface Area (acres) x Mean Depth (feet)

Travel time and velocity will affect sediment movement, water temperature, and algal growth, and
can play a role in the movement of fish and invertebrates. Travel time can be calculated as:

Travel Time (hours) = 12.1 x Volume (acre-feet) / Flow (cfs)

Other parameters that involve hydraulic geometry, such as sediment scour and deposition, flushing
of gravel bars, or movement of gravel beds, can be estimated from these basic hydraulic geometry
relationships as a function of streamflow. These parameters can then be used as impact assessment
tools for comparing alternatives that include changes in the monthly river flows.
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MONTHLY SACRAMENTO RIVER BASIN TEMPERATURE MODEL

The monthly Sacramento River Basin Temperature (SRBT) model (Reclamation, 1990) is used as
an analytical tool for evaluating the effects of reservoir operations on riverine habitat water quality
conditions. The SRBT model simulates temperature profiles in five major reservoirs (Clair Engle,
Whiskeytown, Shasta, and Folsom lakes and Lake Oroville), four downstream regulating reservoirs
(Lewiston Lake, Keswick Reservoir, Thermalito Afterbay, and Lake Natoma), and three major river
systems (Sacramento, Feather, and American rivers). The model was developed as a tool for
evaluating the effects of monthly simulated CVP-SWP reservoir operations on basin water
temperatures. River temperatures in reaches downstream of each major reservoir are of particular
interest because these reaches are most directly influenced by release temperatures and release flows.
The SRBT model is used in combination with similar models for the Trinity River (Reclamation,
1979) and for New Melfnes and Tulloch reservoirs and the Stanislaus River (Reclamation, 1993)
to estimate river water temperatures for each CVPIA alternative downstream of CVP reservoirs.

MODEL DESCRIPTION

The SRBT model consists of a Reclamation-modified version of an earlier U.S. Army Corps of
Engineers (COE) monthly reservoir model and a stream temperature model developed by
Reclamation, based on the steady-state longitudinal equilibrium temperature equation. The SRBT
model uses results from monthly CVP-SWP operations models (PROSIM and SANJASM) and
calculates the end-of-month temperature profiles and monthly average release temperatures for the
major storage reservoirs. Warming in the regulation reservoirs is computed as a function of
meteorology (e.g., equilibrium temperature and heat exchange coefficient), monthly average release
flow, release temperature, and regulating reservoir geometry. Then downstream monthly average
river temperatures are computed for 52 locations on the Sacramento River from Keswick Reservoir
to Freeport, 10 locations on the Feather River from Thermalito diversion dam to the mouth, and
8 locations on the American River from Nimbus Dam to the mouth as a fimction of reservoir release
flow and temperature, tributary inflows and temperatures, and meteorology. Trinity River
temperatures are computed at 11 locations from Lewiston Lake to Burnt Ranch, with a river model
that was developed by Reclamation (Reclamation, 1979) but is not considered part of the SRBT
model. New Melones and Tulloch reservoirs and Stanislaus River temperatures at 46 locations from
Goodwin Dam to the mouth are simulated with the Stanislaus River Basin Temperature model
developed by Reclamation (Reclamation, 1993), which is very similar to the SRBT model described
here.

RESERVOIR TEMPERATURE CALCULATIONS

The monthly reservoir temperature profiles are simulated as a function of inflow(s) and inflow
temperature(s), releases from each available outlet, and meteorology. The reservoir is divided into
a vertical stack of layers that are assumed to be isothermal (i.e., same temperature throughout the
layer). Inflow water is assumed to seek the matching temperature layer, but a specified fraction of
the inflow mixes with each layer as the inflow descends through warmer layers.. The inflow
ultimately reaches an inflow layer that is warmer than the original inflow temperature because of this
inflow mixing process. Monthly inflow temperatures were estimated for each reservoir from
available records and are assumed to be repeated for each year of simulation.
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The reservoir geometry and outlet elevations provide the basic framework for the temperature model
calculations. Tables in Chapter II of Attachment B to the Fisheries Technical Appendix, "Fish
Habitat Water Quality Technical Information," give the reservoir geometry data in 10-foot elevation
increments for each of the simulated reservoirs. The incremental and cumulative surface area and
volume for each elevation are given. The reservoir capacities are also given in these tables. Outlet
elevations used in the temperature models are shown in Table II-2A. The simulated outlet elevations
for each reservoir may be different from the actual outlet elevations, reflecting the effects of each
outlet geometry and the temperature control curtains, panels, or devices that are operated within each
reservoir on the average elevation of water withdrawn from the reservoir.

The heat exchange between the reservoir surface and the atmosphere is assumed to affect the near-
surface layers, to a specified depth of 30 feet. The heat exchange is assumed to be distributed such
that temperatures are affected linearly from the surface to the specified depth of heat penetration.
Three energy exchanges are empirically estimated: solar radiation (warming), evaporation (cooling),
and a combination of long-wave radiation and air-to-water conduction (warming or cooling
depending on water temperature). The monthly solar radiation and evaporation rates are specified,
while the conduction and long-wave energy exchange is estimated as a function of the difference
between water temperature and air temperature for each month. This is similar to the concept of an
equilibrium temperature. The equilibrium temperature is the water temperature at which there is no
net heat exchange between the water and the atmosphere (for a given meteorological condition).

The total energy exchange is the sum of the three heat exchange terms previously described.
Coefficients are used to adjust these three energy exchange terms during calibration. Monthly air
temperature is the only factor that is variable from year to year. The monthly solar radiation and
evaporation rate values are repeated for each year of simulation. Calibration coefficients are given
in Table II-2B. Because monthly average values are used, the SRBT model cannot simulate the
effects of storm events (rapid cooling and mixing) or periods with rapid heating. The general
seasonal patterns of reservoir temperature stratification and cooling/mixing are simulated with the.
SRBT model.

If warming occurs during a month, the surface layers are warmed with a fraction of the total heat
exchange corresponding to the layer volume and depth to approximate a linear warming of layer
temperatures. The surface layer temperature increases the most, and the temperature profile will
become more stratified near the surface. The warm surface water will move deeper into the reservoir
because of diffusive heat exchange (mixing) and because withdrawals from deeper outlets must be
replaced by water from above the outlet.

If cooling occurs during a month, the new layer temperatures are estimated with the same linear
cooling pattern. Cooling will reduce the linear stratification. Cooling of the surface layer to a
temperature less than that of the layer beneath it will create a density instability and lead to vertical
mixing between the two layers. If this occurs, reservoir water is assumed to be mixed from the
surface downward until no lower layer contains warmer (less dense) water than the higher layers.
This cooling and mixing process leads to deepening of the surface mixed layer during fall and
complete mixing of the reservoir during winter. The fall cooling and mixing patterns are simulated
with the monthly SRBT model. The SRBT model does not include wind mixing of the surface layer.
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TABLE 11-2A

INPUT VALUES FOR RESERVOIR TEMPERATURE MODELING: SIMULATED OUTLET ELEVATIONS OF RESERVOIRS

Outlet Elevations (feet)

Clair Engle Lake
1971-1977 verification simulation 2,000 2,110 2,340
PEIS No-Action Alternative 2,000 2,110

Whiskeytown Lake
1971-1977 verification simulation 975 1,085
PEIS No-Action Alternative 975 1,085

Shasta Lake
1971-1977 verification simulation 742 815
PEIS No-Action Alternative 710 800 815 900 925 1,000 1,020 1,045

Lake Oroville
PEIS No-Action Alternative 400 620 660 700 740 800 830 860

New Melones Reservoir
PEIS No-Action Alternative 543 723 760

Tulloch Reservoir
PEIS No-Action Alternative 405 415 481

Folsom Lake
1971-1977 verification simulation 210 307 316 375 388 401 418
PEIS No-Action Alternative 210 307 316 363 389 428 466

NOTES:
(1) 1971-1977 verification simulation.
(2) PEIS No-Action Alternative.



TABLE 11-2B

INPUT VALUES FOR RESERVOIR TEMPERATURE MODELING: CALIBRATION COEFFICIENTS

Air Inflow Vertical
Temperature Mixing Diffusion Evaporation Insolation

Clair Engle Lake
1971-1977 verification simulation 0.500 0.230 0.003 0.513 0.325
PEIS No-Action Alternative 0.500 0.230 0.003 0.513 0.325

Whiskeytown Lake
1971-1977 verification simulation 0.988 0.072 0.003 0.866 0.000
PEIS No-Action Alternative 0.321 0.047 0.001 0.076 0.000

Shasta Lake
1971-1977 verification simulation 1.000 0.048 0.013 0.655 0.155
PEIS No-Action Alternative 1.000 0.048 0.013 0.655 0.155

Lake Oroville
PEtS No-Action Alternative 0.924 0.108 0.097 1.000 0.277

New Melones
PEIS No-Action Alternative 0.080 0.003 0.020 0.000 0.011

Tulloch
PEIS No-Action Alternative 0.220 0.239 0.020 0.000 0.214

Folsom Lake
1971-1977 verification simulation 0.600 0.230 0,020 0.440 0.220
PEIS No-Action Alternative 0.500 0.230 0.020 0.440 0.220
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Diffusive (turbulent) mixing between each layer is simulated to depend on a model mixing
coefficient and the temperature difference between layers (less mixing of layers with greater
temperature difference). The diffusive mixing coefficient is adjusted (calibrated) to match the
observed temperature profiles, especially the observed seasonal warming in the deeper portions of
the reservoir that are below the influence of the outlets and are only affected by diffusive mixing.
The release temperature from a specified outlet elevation is estimated as the temperature of the outlet
layer during the month. The reservoir profiles are actually calculated with 10 time steps (i.e., three
days each) during each month. The reservoir temperature profiles are reported as end-of-month
values, but the release temperatures are monthly averages.

The SRBT model does not estimate a withdrawal zone for the outlets, so all releases are assumed
to come from the layer of the outlet. However, if the water in the layer of the outlet is depleted
during the month, water from the next higher layer(s) is used as needed to provide the required
reservoir release.

The reservoir model can be used with specified monthly releases from each available outlet, or target
release temperatures can be specified and releases from each available outlet calculated. If target
temperatures are specified, the model will attempt to satisfy the target temperature by blending water
from the nearest two outlets. This is the method used to simulate the Shasta Lake temperature
control device (TCD), the Lake Oroville selective withdrawal structure, and the Folsom Lake
temperature control panels. The target temperatures used for the CVPIA PEIS are given in
Table II-2C. The calibration of each reservoir temperature model for 1971-1977 hydrologic and
meteorologic conditions is described in a later section of this technical appendix.

RIVER TEMPERATURE CALCULATIONS

The SRBT model calculates temperature changes in the four regulating reservoirs (Lewiston Lake,
Lake Natoma, Keswick Reservoir, and Thermalito Afterbay) located below the four major reservoirs
as constant surface area river segments. Goodwin Dam on the Stanislaus River is simulated in a
similar way as part of the Stanislaus River Basin Temperature model. Using the monthly average
reservoir release temperatures as initial fiver temperatures, the river model calculates downstream
temperatures as a function of flow, river geometry (i..’e., surface area), and meteorology (i.e.,
equilibrium temperature and heat exchange rate) along the Sacramento, Feather, and American
rivers. Clear Creek temperatures downstream of Whiskeytown Lake are also simulated by the SRBT
model. Trinity River and Stanislaus River temperatures are calculated with similar models for the
CVPIA PEIS habitat water quality and fisheries assessments.

Tributary inflows are included in the river temperature models. Monthly tributary inflows and
inflow temperatures must be specified. Tributary inflow temperatures are estimated from available
records for each month and repeated for each year of simulation. Monthly flows are estimated for
each month of the temperature simulation using the net "gains" from the operations models
(PROSIM and SANJASM).

Tributary inflows and river diversions are specified in model input files. The river model uses water
and heat balance calculations to estimate the effects of tributary inflows and diversions on river
temperatures. Diversions reduce the flow without changing the temperature; tributary inflows
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TABLE 11-2C

INPUT VALUES FOR RESERVOIR TEMPERATURE MODELING: TEMPERATURES

Monthly Input Values (°F)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Glair Engle Lake
Air Temperature (1)                    39.6 43.9 46.1 51.8 61.0 69.6 74.8 72.3 67.7 57.4 45.7 40.0
Inflow Temperatures 36.7 40.3 40.3 41,3 43.8 54.2 60.7 62.2 61.1 52,1 41.3 37.7
Target Release Temperatures (3) None
Target Release Temperatures (4) None

INhiskeytown Lake
Air Temperature (1) 45.2     49.6 51.9 57.9 67.4 76.4 81.8 79.2 74.4 63.7 51.4 45.6
Inflow Temperatures (2) 42.0 46.0 46.0 51.0 55,0 63.0 70.0 72.0 65.0 57.0 48.0 45,0
Target Release Temperatures (3) None
Target Release Temperatures (4) None

;hasta Lake
Air Temperature (1)                    45.2     49.7     52.1     58.2     67.9     77,1     82.5     79,9     75.0      64.1       51.6     45,7

Inflow Temperaturas 42.5 44.8 46,9 49.6 54.4 61.1 67.2 65.9 61.5 54.6 48.8 43.1
Target Release Temperatures (3) None
Target Release Temperatures (4) 80 80 56 49 46 45 47 47 40 40 40 80
=ke Oroville
Air Temperature (1) 45.1 51.0 53.7 58.7 67.4 75.7 80.1 78.3 73.7 64.9 53.5 46.5

Inflow Temperatures 41.0 44.6 46.4 50.0 55.4 62.6 69.8 69.8 66.2 57.2 50.0 42.8
Target Release Temperatures (4) 47.0 46.0 47.0 49.0 53.0 55.0 59.0 58.0 53.0 52.0 52.0 49.0

Mew Melones Reservoir
Air Temperature (1)                    44.2     47.7 52.2 59.7 63.8 72.7 77.7 75.9. 69.4 63.8 51.5 42.9

Inflow Temperatures 43.6 44.0 45.2 47.5 51.8 57.3 58.0 58.7 58,3 57.2 52.0 46.4
Target Release Temperatures (4) None

rulloch Reservoir
Air Temperature (1) 44.2 47.7 52.2 59.7 63.8 72.7 77.7 75.9 69.4 63.8 51.5 42.9

Inflow Temperatures (5) None
Target Release Temperatures (4) None

Foisom Lake
Air Temperature (1) 44.5 50.3 52.5 57.2 64.6 72.3 76.5 75,8 72.4 64.4 53.1 46.4

Inflow Temperatures 43.1 44,8 48,2 51.2 55.3 60.8 64.2 62.9 61.4 58.4 51.4 45.3
Target Release Temperatures (3) 53 53 53 53 54 56 59 62 63 51 50 53
Target Release Temperatures (4) 80 80 80 56 56 57 64 64 65 50 40 80

NOTES:
(1) Average of 1971-1977 calibration values.
(2) Whiskeytown Lake inflow temperatures are for Clear Creek.
(3) 1971-1977 verification simulation.
(4) PEIS No-Action Alternative.
(5) Tulloch Reservoir inflow temperatures are equal to flow-weighted average of New Melones Reservoir release temperatures and minor local inflow temperatures, which are assumed to be

equal to air temperatures,
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increase the flow and change the temperature if the tributary temperature is different from the river
temperature. Some of the Sacramento River tributary inflow temperatures that were estimated
from historical data are adjusted with equilibrium temperature equations because the historical
temperature measurements were taken several miles upstream of the mouth of these tributaries.

The river model calculations are based on steady-state one-dimensional equilibrium temperature
equations, with mass-balance calculation of temperatures below tributary inflows. The river
geometry needed is simply the surface area between each location at each river flow rate. The
surface area is specified as a function of fiver flow in tables (Sacramento and Feather rivers) or with
hydraulic geometry equations (American, Trinity, and Stanislaus rivers). The fiver surface area
controls the amount of heat exchange that occurs between locations, and the flow rate controls the
change in temperature that can occur between locations.

River channel geometry (width, depth, velocity, travel time) can be more completely described
using hydraulic geometry relationships with river flow (see "River Hydraulic Geometry" in the
beginning of this chapter). The SRBT model simulates longitudinal (downstream) fiver temperature
patterns for monthly average flow and meteorology conditions. Only the flow and surface area
(width x length) are needed in the SRBT model calculations.

Table II-3 gives the river width-flow and area-flow relationships used for the river temperature
models. As an example, the surface area between Keswick Reservoir and Red Bluff is specified to
be 2,394 acres at a flow of 10,000 cfs. This is a distance of 59.5 miles, so the average width is 332
feet. At a flow of 25,000 cfs the area is increased by approximately 15 percent to 2,732 acres, with
an average width of 379 feet. This can be summarized as a river width (or area) estimate that varies
with flow:

Width (feet) = 116 x Flow (cfs) 0.12
Area (acres) = 14.1 x River Miles x Flow (cfs) 0.12

This is similar to the river hydraulic geometry width estimate at Keswick Reservoir (with ACID
flashboards in place) given in Table II- 1:

Width (feet) = 144 x Flow (cfs) 0.14

The river temperature model responds as a first order (exponential) decay of the initial difference
between river temperature and equilibrium temperature. The fiver temperature model can be
described with a relatively simple equation for each river reach:

Tdown = Tup + [E - Tup] x [1- exp(-K x Area/Flow x 0.0081)]
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TABLE 11-3

WIDTH AND SURFACE AREA OF SPAWNING REACHES
AT REPRESENTATIVE RIVER FLOWS

Trinity River: Lewiston Lake to North Fork (RM111.66-RM74.47)

Flow (cfs) 200 400 600 800 1,000 2,000
Width (ft) 84 115 133 146 155 186
Area (Acres) 466 638 738 809 864 1035

Upper Sacramento River: Keswick to Red Bluff Diversion Dam (RM300.68-RM241.19)

Flow (cfs) 2,000 4,000 6,000 8,000 10,000 25,000
Width (ft) 279 308 320 328 332 379
Area (Acres) 2,015 2,223 2,309 2,363 2,394 2,732

Feather River: Downstream of the Afterbay to Honcut Creek (RM59.00-RM44.00)

Flow (cfs) 1,000 2,000 4,000 6,000 8,000 10,000
Width (ft) 226 286 362 416 459 495
Area (Acres) 411 521 659 756 834 900

American River: Nimbus Dam to Filtration Plant (RM22.94.RM7,34)

Flow (cfs) 1,000 2,000 4,000 6,000 8,000 10,000
Width (ft) 272 290 309 320 328 333!
Area (Acres) 514 549 584 605 619 631

Stanislaus River: Goodwin Dam to Oakdale Recreation Area (RM58.47-RM39.34)

iFIow (cfs) 400 800 1,200 1,600 2,000 4,000
Width (ft) 97 104 109 112 114 122
Area (Acres) 225 242 252 259 265 282
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where:

Tup is the upstream temperature (°F)
Tdown is the downstream temperature (°F)
E is equilibrium temperature (°F)
K is heat exchange rate (Btu/[sq feet x day x °F])
Area is the area (width x length) of the river reach (acres)
Flow is the flow in the reach (cfs)
and 0.0081 is the appropriate conversion factor

The monthly average equilibrium temperatures and heat exchange coefficients are computed from
meteorological data (air temperature, humidity, wind speed, solar radiation, and cloud cover) for
each month of the simulation period. The monthly equilibrium temperatures are very similar to
monthly air temperatures. Equilibrium temperatures can be approximated or confirmed by reservoir
surface temperatures. A river shading factor is included in the equilibrium temperature and heat
exchange coefficient, so fiver shading represents a general estimate appropriate for the entire river
reach. Monthly air temperatures from nine locations, with complete meteorological data from Red
Bluff, Sacramento, and Stockton, were used to estimate 10 sets of equilibrium temperature and heat
exchange coefficients that are used for different model river reaches. Monthly equilibrium
temperatures and heat exchange coefficients were developed for each year modeled (1922-1990).
Selected monthly equilibrium temperatures and heat exchange coefficients used for the fiver
temperature model calibrations are summarized in Table II-4.

As an example of these fiver temperature calculations, the simulated warming in Keswick Reservoir
(surface area of 620 acres) with a flow of 10,000 cfs will be described. The warming calculated from
the equilibrium temperature response equation, using an estimate for the maximum (July or August)
heat exchange rate (K) of 175 British thermal units (Btu) divided by the product of square feet,
number of days, and degrees Fahrenheit (Btu/[sq feet x day x °F]), would be approximately
8.4 percent of the initial difference between the equilibrium temperature and the Shasta Lake release
temperature:

Warming (Keswick) = (E - Trelease) x [1 - exp(-175 x 620/10,000 x 0.0081)]
= (E- Trelease) x 0.084

where:

Trelease is the upstream release temperature (°F)

The warming between Shasta Lake and Red Bluff at a flow of I 0,000 cfs, with a maximum heat
exchange rate of 175 Btu/(sq ft x number of days x °F), would be approximately 33.4 percent of the
difference between the equilibrium temperature and the Shasta Lake release temperature. Because
8.4 percent of the initial difference would have been reduced in Keswick Reservoir, warming equal
to approximately 25 percent of the initial difference occurred in the fiver between Keswick Reservoir
and Red Bluff.
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TABLE 11-4

1971-1977 AVERAGE EQUILIBRIUM TEMPERATURES AND HEAT EXCHANGE COEFFICIENTS
FOR SELECTED LOCATIONS

Lewiston Redding                              Folsom St~nislaus (1)

Heat Heat Heat Heat
Exchange Equilibrium Exchange Equilibrium Exchange Equilibrium Exchange Equilibdum
Coefficient Temperature Coefficient Temperature Coefficient Temperature Coefficient Temperature

Month (Btu/sq ft-day-°F) (°F) (Btulsq ft-day-°F) (°F) (Btulsq ft-day-°F) (°F) (Btulsq ft-day-°F) (°F)

Jan 90,3 37.4 101.0 43,9 87,1 44.0 79.9 46.2
Feb 101.0 43.5 108.4 49.9 100.6 51.5 92.7 52,7
Mar 109.2 46.2 125.0 54.1 118.2 55,4 104.8 58.5
Apr 122.8 55.3 136.6 61.0 132.3 61.5 129.2 65.0
May 138.2 63.5 162.5 69.3 148.5 67.9 141.5 67.3
Jun 151.4 68.9 172.6 74.7 182.7 73.3 170.9 71,0
Jul 150.6 72.4 150.6 78,3 169.2 76.5 154.0 73,3
Aug 133.5 70,0 143.9 75.9 162,4 75.5 145.6 71.7
Sep 125.1 63.4 136.0 69,6 138.6 71.4 120,4 68.3
Oct 109.4 53.8 118.5 60.3 107.3 63.3 103.2 62.8
Nov 95.5 43.3 104.7 49.8 84,3 52.7 78,6 52,3
Dec 86,3 37.3 92.9 43.9 79.2 44.9 73.2 43.3

Note:
(I) Stanislaus values are for 1985-1990.
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The simulated river warming will increase at lower flows and decrease at higher flows. At a flow
of 15,000 cfs, the simulated warming with a maximum heat exchange rate (175 Btu/[sq ft ×
days × °F]) would be approximately 24 percent of the difference between the equilibrium
temperature and the Shasta Lake release temperature. At a flow of 5,000 cfs, the simulated warming
with a maximum heat exchange rate would be approximately 56 percent of the difference.

Another example of the simulated river temperature response can be seen in the American River
between Folsom and the City of Sacramento (filter plant). The surface area of Lake Natoma is
approximately 450 acres, and the area between Nimbus Dam and the filter plant is approximately
585 acres at a river flow of 3,000 cfs. The estimated heat exchange rate (K) is a maximum of
approximately 175 Btu/(sq ft × day × °F) during summer. Therefore, the temperature response of
the American River between Folsom Lake and the filter plant at a flow of 3,000 cfs can be
approximated as:

Warming (filter plant) = (E - Trelease) × [1 - exp(-175 × 1,035/3,000 × 0.0081)]
= (E - Trelease) × 0.3868

The American River at the filter plant at a flow of 3,000 cfs will have warmed up by approximately
39 percent of the initial difference between the equilibrium temperature and the Folsom Lake release
temperature. The temperature response of Lake Natoma at a flow of 3,000 cfs will be 19 percent of
the initial difference between the equilibrium temperature and the Folsom Lake release temperature.
The temperature increase from Nimbus Dam to the filter plant will be an additional 20 percent of
the initial difference.

The calibration of the river temperature models for 1971-1977 (calendar year) hydrologic and
meteorologic conditions is described in the next section.

SRBT MODEL CALIBRATION RESULTS

Reclamation has calibrated the SRBT model for the 1971-1977 period with river temperature
measurements collected by USGS at several locations (Reclamation, 1990). Monthly reservoir
profiles collected by Reclamation were used to calibrate each CVP reservoir model, but the reservoir
calibration results were not shown in the 1990 report because the effect of reservoir operations on
downstream fiver temperatures was the primary subject of the study. The results of the calibration
of the reservoir models are presented here to demonstrate the general accuracy of the SRBT monthly
reservoir temperature models that are being used as analytical tools for the habitat water quality and
fisheries assessments.

Reservoir temperatures are influenced by reservoir geometry, outlet locations, inflows, surface heat
exchange (warming or cooling), and the outflows from each outlet. Reservoir temperatures at
several different elevations can be used to illustrate the resulting temperature patterns. Results for
Clair Engle, Whiskeytown, Shasta, and Folsom lakes and Lake Oroville are shown here.

Clair Engle Lake Temperatures

Figure 11-25 shows the end-of-month storage and estimated monthly outflow for Clair Engle Lake
for the 1971-1977 (calendar year) SRBT calibration period. The reservoir storage remained greater
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than 1.8 million acre-feet (MAF) (2,325-foot elevation) until 1976 and 1977. The effect of this
dramatic drawdown of Clair Engle Lake storage on release temperatures provides a good test of the
reservoir model to simulate reservoir and release temperatures in low storage years.

Figure II-26 shows the monthly simulated temperatures at selected elevations, with measured
temperatures shown for comparison. Simulated and measured temperatures in the lower layers of
the reservoir (elevations of 1,950 and 2,200 feet) remained low and relatively constant (slight
seasonal warming) until the extreme drawdown in 1976 and 1977. The simulated temperatures are
slightly lower than the measured temperatures at the bottom of the reservoir, but at the 2,200-foot
elevation this difference is not seen.

The powerplant penstock is at an elevation of 2,100 feet, while the low-level river outlet is at 2,000
feet. The low-level outlet was used in 1977 to provide cooler releases than would have been possible
from the powerplant penstock.

The release temperatures from Clair Engle and Lewiston lakes simulated with the SRBT model are
shown in Figure II-27. Records of Trinity powerplant release temperatures are incomplete, but the
available records suggest that the release temperature corresponds to an effective elevation of
approximately 2,150 feet (approximately 50 feet higher than the penstock centerline).

USGS measurements of Trinity River water temperatures are available for the 1971-1977 period at
the Lewiston Lake streamflow gage, located approximately 1 mile below Lewiston Lake, and are
shown in Figure II-27. The measured Lewiston Lake temperatures match the simulated Lewiston
release temperatures for most months.

The simulated differences between Clair Engle Lake and Lewiston Lake release temperatures cannot
be verified directly for each month because Clair Engle Lake release temperatures were not measured
consistently, but some trends seem apparent. Both the measured and simulated results show that
the annual range in release temperature is greater for Lewiston Lake (from approximately 43 to 50
degrees Fahrenheit) than for Clair Engle Lake (from approximately 43 to 46 degrees Fahrenheit).
Furthermore, both the simulated and measured temperatures indicate that the water warms by
approximately 5 degrees as it passes through Lewiston Lake in summer. In 1977, however, the water
from Clair Engle Lake was simulated as being almost as warm as the water from Lewiston Lake.
(Clair Engle Lake release temperatures were not measured during this time.)

The warming and stratification that occurs in Lewiston Lake was evaluated from several years of
daily measurements that were made by the California Department of Water Resources (DWR) and
the California Department offish and Game (DFG) to investigate temperature curtains and hatchery
intake control devices (Jones & Stokes Associates, 1992). These daily measurements suggest that
the SRBT model estimates of Clair Engle Lake release temperatures and the warming in Lewiston
Lake appear to be adequate for CVPIA PEIS impact assessment purposes.
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Trinity River Temperatures

The simulated Trinity River temperatures downstream of Lewiston Lake were previously calibrated
(Reclamation, 1979) for selected years, from Lewiston downstream to Burnt Ranch. The simulated
temperatures shown here are based on flows assumed under the PEIS No-Action Alternative, which
differ from historical flows.

The simulated and measured temperatures for 1971-1977 are shown in Figure II-28. The estimated
monthly average equilibrium temperatures are also shown because these partially control the
increases in the Lewiston Lake release temperatures to the Trinity River. The temperatures of
the diversions to Whiskeytown Lake are very similar to the Lewiston Lake release temperatures. The
simulated temperatures for the No-Action Alternative flows at Lewiston Lake match the historical
temperatures at Lewiston Lake. Both the historical and simulated temperatures at Lewiston Lake
are lower than equilibrium temperatures. Simulated North Fork and historical Burnt Ranch
temperatures are close to the estimated equilibrium temperatures (Burnt Ranch is approximately 17
miles downstream of North Fork).

Whiskeytown Lake Temperatures

Most releases from Clair Engle Lake are diverted from Lewiston Lake into the Clear Creek tunnel
and through the Judge Francis Carr powerplant to Whiskeytown Lake. Whiskeytown Lake storage
is held relatively constant, but the releases to Spring Creek powerplant were quite variable during
1971-1977, as shown in Figure II-29. The Spring Creek powerplant capacity is approximately
4,400 cfs, but for several months the Trinity River exports to Whiskeytown Lake were limited, and
flows through Whiskeytown Lake and the Spring Creek powerplant were correspondingly low.

Simulated temperatures in Whiskeytown Lake for 1971-1977 are shown in Figure II-30. Monthly
temperature measurements at several elevations are shown for comparison. The seasonal warming
of the lower layers is generally greater than in Clair Engle Lake because of larger flow relative to
reservoir volume and because bottom temperatures are controlled by the inflow temperature from
the Judge Francis Carr powerplant. The powerplant temperatures range from approximately
45 degrees to 50 degrees Fahrenheit in most years. The temperatures at elevation 1,100 feet
(approximately 100-foot depth) range from 40-45 degrees Fahrenheit in winter to approximately 50-
55 degrees in summer, with the simulated summer temperatures being slightly warmer than those
measured. Similarly, the simulated temperatures at 1,175 feet are close to the measured ones, except
they are a little too high in summer. The measured and simulated surface temperatures match well.
The higher simulated reservoir temperatures in 1976 and 1977 cannot be directly confirmed because
profile and inflow temperatures were not consistently measured during this period.

Only the surface layers of the reservoir are strongly stratified in summer. During this time, both the
measured and simulated temperatures at 1,175 feet are much lower than the surface temperatures (at
approximately 1,200 feet). Fewer differences (less stratification) exist between the temperatures at
elevations of 1,100 feet and 1,175 feet.

Simulated release temperatures from Whiskeytown Lake to Clear Creek and to the Spring Creek
powerplant are shown in Figure II-31. The measured Spring Creek release temperatures are
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generally approximately 5 degrees Fahrenheit higher than the mixed inflow temperature from
Lewiston Lake (the Judge Francis Carr powerplant) and Clear Creek during summer. A similar but
slightly smaller summertime difference is seen in the simulated temperatures, except for 1976 and
1977, when simulated inflow temperatures were sometimes higher than the simulated Spring Creek
release temperatures. The 1976 and 1977 simulated temperatures cannot be verified because release
temperature measurements were especially infrequent during the 1976 and 1977 drought conditions.

The measured Clear Creek release temperatures are well above the simulated Clear Creek release
temperatures. This discrepancy may occur because the model simulates Clear Creek releases as
coming from the 975-foot elevation outlet; however, in reality, releases can be made from both the
975- and 1,110-foot outlets. The measured Clear Creek release temperatures are similar to those
measured at the Spring Creek release (outlet at 1,085 feet), which suggests that some of the Clear
Creek releases come from the higher outlet. No measured temperatures from downstream locations
were available for calibration of Clear Creek stream temperatures.

Differences between measured and simulated Spring Creek temperatures may be the result of errors
in the simulated Whiskeytown Lake temperature profiles or may have occurred because the SRBT
reservoir model assumes that releases come exclusively from the specified outlet elevation (1,085
feet for Spring Creek powerplant), whereas a withdrawal zone may actually exist that pulls water
from a range of elevations within the reservoir. Measured Spring Creek powerplant and
Whiskeytown Lake profile temperatures indicate that the effective outlet depth is considerably higher
(i.e., 1,150-foot elevation) than the actual outlet elevation of 1,085 feet. The Spring Creek outlet was
simulated with an elevation of 1,085 feet for the 1971-1977 calibration period and for the PEIS
simulations. However, once the model depletes the water at the outlet elevation, it takes water from
the next layer up. Consequently, the modeled releases may come from higher layers because the
volume of the layers is relatively small compared with the monthly release volumes. The
Whiskeytown Lake temperature curtains that were installed (1994) were simulated through
adjustment of the coefficients for heat exchange processes (Table 11-2B).

Shasta Lake Temperatures

Shasta Lake storage and releases are shown in Figure II-32 for the 1971-1977 period. Carryover
(minimum) storage remained greater than 3.5 million acre-feet until 1975, when it was 3.0 million
acre-feet. Drawdown ofShasta Lake storage in 1976 (to 1.3 million acre-feet) and 1977 (to 0.5
million acre-feet) resulted in much lower carryover storage than for any previous year.

Simulated Shasta Lake temperatures for 1971-1977 are shown in Figure I1-33, along with measured
temperature data for months with data. Simulated bottom temperatures (at elevation 600 feet)
showed no seasonal warming. Simulated and measured temperatures 150 feet up (i.e., elevation 750
feet, near the river outlet elevation of 742 feet) showed only a slight seasonal warming. Simulated
and measured temperatures at elevation 850 feet (slightly above the powerplant intake elevation of
815 feet) showed a greater seasonal warming, which increased dramatically in both 1976 and 1977
because of the extreme drawdown of storage. At the surface, simulated and measured temperatures
were much higher, with summer maximum temperatures higher than 80 degrees Fahrenheit.
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The small differences between simulated and measured temperatures may be caused by errors in
estimated inflow temperatures, errors in withdrawal zone calculations (none are used in the model),
or errors in surface heat exchange and mixing calculations. Because the model uses monthly average
meteorology, no storm event cooling or rapid warming periods are simulated. No wind mixing is
simulated in the reservoir model. Nevertheless, the basic seasonal temperature patterns in Shasta
Lake are simulated with the monthly SRBT model.

The simulated release temperatures from Shasta Lake and Keswick Reservoir are shown in
Figure II-34. The simulated monthly average Shasta Lake release temperatures are generally close
to the measured powerplant temperatures, and the simulated Keswick Resercoir release temperatures
match the sparse Keswick Reservoir data. There is relatively little simulated warming in Keswick
Reservoir (and none in 1976 and 1977) because of the high flows that are normally released from
Shasta Lake during summer. Simulated warming in Keswick Reservoir cannot be directly confirmed
because Shasta Lake, Spring Creek, and Keswick Reservoir release temperatures were not
consistently measured during the 1971-1977 period. The downstream warming is shown for
comparison by the measured temperatures at Bend Bridge and Red Bluff.

The match between simulated and measured temperatures at Keswick Reservoir helps confirm model
performance for all reservoirs upstream of Keswick. Any differences between simulated and
measured release temperatures at Keswick Reservoir may be caused by errors in simulated warming
in Keswick Reservoir, or by errors in simulated reservoir or release temperatures for Shasta, Clair
Engle, Lewiston, or Whiskeytown lake, because the simulated releases are mixed together in
Keswick Reservoir.

Sacramento River Temperatures

Simulated river temperatures downstream of Keswick Reservoir for 1971-1977 are shown in
Figure I1-35, along with USGS monthly average temperatures for Bend Bridge and Butte City.
Summer temperatures at Bend Bridge remained below 60 degrees Fahrenheit until the 1976 and 1977
drought period. The simulated and measured temperatures match reasonably well during these two
summers, as well as during other periods. The monthly average equilibrium temperatures (for
Redding) are shown for comparison in Figure I1-35, because the river model will raise the
downstream river temperatures to approach the monthly equilibrium temperatures. The river has not
yet reached equilibrium temperature at Butte City.

Figure II-36 shows measured and simulated Sacramento River temperatures at Wilkins Slough
(above the Feather River) and at Freeport (below the Feather and American rivers). The estimated
monthly equilibrium temperatures (for Folsom) are shown for comparison. Simulated and measured
river temperatures approach the estimated equilibrium temperatures at Freeport, especially in
1976 and 1977.

Reclamation has evaluated the ability of reservoir releases to control water temperatures at Freeport
(Reclamation, 1990). Substantial releases are required to reduce the simulated temperatures at
Freeport. For example, a change of 1 degree Fahrenheit at Freeport in May would require an
additional Shasta Lake release of 1,000-2,000 cfs in most years, with an additional 4,000 cfs required
in some years. In June, an additional release of 3,000-4,000 cfs would be required in most years to
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reduce the Freeport temperature by 1 degree Fahrenheit. The effectiveness of flow augmentation for
downstream temperature control is limited by the influence of meteorological conditions, as
simulated by the SRBT model using the equilibrium temperature approach. No releases to control
Freeport temperatures were simulated for any of the CVPIA PEIS alternatives.

Lake Oroville Temperatures

Lake Oroville storage and releases are shown in Figure II-37 for 1971-1977. Carryover (minimum)
storage remained greater than 2.5 million acre-feet in most years. Drawdown in 1974 and 1976 to
approximately 1.7 million acre-feet and in 1977 to approximately 0.9 million acre-feet was much
greater than in previous years, and these conditions provide valuable information about the effects
of drawdown on reservoir and release temperatures.

Simulated temperatures in Lake Oroville for 1971-1977 are shown in Figure II-38, along with
measured temperature profile data for some months with data. Simulated surface temperatures
matchthe measured da~a well, but simulated temperatures at 650 and 750 feet are slightly higher than
measured temperatures. Differences between simulated and measured temperatures may be caused
by errors in inflow temperature estimates, errors in withdrawal zone calculations (none used in
model), and errors in surface heat exchange and mixing calculations. Because the model uses
monthly average meteorology, no storm event cooling and wind mixing episodes are simulated.
Nonetheless, the simulated values follow the same general patterns as the measured data.

Simulated bottom temperatures (i.e., elevation of 250 feet) showed no seasonal warming. Simulated
and measured temperatures at an of elevation 650 feet (slightly above the bottom powerplant intake
elevation of 615 feet) showed some seasonal warming, which increased considerably in 1977
because of the extreme storage drawdown.

Lake Oroville powerplant intakes have shutter panels that are used to regulate the outlet elevation
and reserve cool water for fall, when chinook salmon require cool water for spawning and egg
survival. Low-level river outlets were not used in 1977. The actual operation of the temperature
panels was not simulated; a specified release temperature was used to approximate the seasonal
operation of the panels.

The simulated release temperatures from Lake Oroville and Thermalito Afterbay are shown in
Figure II-39 .compared with measured temperatures at Thermalito diversion dam and Thermalito
Afterbay releases to the Feather River. The simulated values match the measured data well.
Measured temperatures at the Thermalito diversion dam are slightly higher than simulated Lake
Oroville target release temperatures in summer, especially for 1977 conditions. The simulated
warming in Thermalito Afterbay (combined surface area of approximately 4,400 acres) is quite
substantial and is confirmed with the measured differences between the Thermalito diversion dam
and Thermalito Afterbay release temperatures.

Feather River Temperatures

Simulated Feather River temperatures at Lake Oroville and downstream of Thermalito Afterbay for
1971-1977 are shown in Figure 11-40, along with USGS monthly average temperatures. The
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SOURCE:
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FIGURE 11-40

COMPARISON OF SIMULATED AND MEASURED TEMPERATURES IN THE FEATHER RIVER, 1971-1977
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simulated values match the measured data well. The releases from Thermalito Afterbay are already
quite warm, so the additional warming in the Feather River is limited. The effects of Yuba River
inflows are included in the simulated Nicolaus temperatures. The monthly average equilibrium
temperatures (for Redding) are shown for comparison in Figure II-40, because the river model will
raise the downstream river temperatures to approach the monthly equilibrium temperatures.

Folsom Lake Temperatures

Folsom Lake storage and releases are shown in Figure II-41 for 1971-1977. Carryover storage
remained greater than 500,000 acre-feet in most years. Carryover storage in 1976 of approximately
250,000 acre-feet and in 1977 of less than 100,000 acre-feet was much lower than in previous years,
and these conditions provide valuable information about the effects of drawdown on reservoir and
release temperatures.

Simulated temperatures in Folsom Lake for 1971-1977 are shown in Figure II-42, along with
measured temperature data for months with data. Simulated surface temperatures were lower than
measured surface temperatures. Differences between simulated and measured temperatures may be
caused by errors in inflow temperature estimates, errors in withdrawal zone calculations (none were
used in the model), and errors in surface heat exchange and mixing (no wind mixing and no
springtime cooling in model). Because the model uses monthly average meteorology, no storm event
cooling and wind mixing episodes are simulated.

Simulated bottom temperatures (i.e., at an elevation of 225 feet) showed only a slight seasonal
warming. Simulated temperatures at an elevation of 375 feet (above the powerplant intake elevation
of 307 feet) showed a greater seasonal warming. Because of the extreme drawdown, both measured
and simulated temperatures were higher in summer and fall 1977. (Data for the 375-foot elevation
do not exist for the last half of 1977 because the water level fell below that elevation.)

The simulated release temperatures for Folsom Lake and Lake Natoma are shown in Figure II-43.
They correspond well to the measured temperatures at Fair Oaks. The simulated warming in Lake
Natoma is minimal except in 1976 and 1977. This warming cannot be directly confirmed because
Folsom Lake release temperatures were not measured.

American River Temperatures

Simulated American River temperatures downstream of Lake Natoma for 1971-1977 are shown in
Figure II-44, along with monthly average temperatures measured at the USGS gage at Fair Oaks and
the City of Sacramento water treatment plant (filter plant). All these temperatures have similar
values. The measured and simulated temperatures at the filter plant are similar to the Fair Oaks
temperatures. Some of the largest differences between the filter plant and Fair Oaks data occurred
in 1976 for both the simulated and measured data.

The monthly average equilibrium temperatures (for Folsom) are shown for comparison in
Figure II-44 because the river model will raise the downstream river temperatures to approach the
monthly equilibrium temperatures. American River temperatures at the filter plant are substantially
lower than the equilibrium temperature and are therefore intermediate between the low temperatures
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of the upper Sacramento River and the high temperatures of the Feather River and the lower
Sacramento River.

New Melones Reservoir Temperatures

New Melones Reservoir temperatures and Stanislaus River temperatures were calibrated for the
1985-1990 (calendar year) period. New Melones Reservoir storage and release flows for 1985-1990
are shown in Figure II-45. New Melones Reservoir storage was greater than 1.5 million acre-feet
in 1985 and 1986, but then gradually declined during the following drought years to approximately
400,000 acre-feet in 1990. The effects on reservoir and fiver temperatures for this wide range of
reservoir conditions provide a good test of the reservoir temperature model.

Simulated temperatures in New Melones Reservoir for 1985-1990 are shown in Figure II-46. No
measured reservoir data were available. Simulated bottom temperatures (600-700 feet) remained
relatively constant. Above 700 feet, simulated temperatures increased as the drought progressed and
were subject to annual fluctuations depending on the depth from the surface. Tulloch Reservoir
temperatures are also simulated with a reservoir model. Goodwin Dam is simulated as a regulating
reservoir in the Stanislaus River Basin Temperature model.

Release temperatures from New Melones and Tulloch reservoirs and Goodwin Dam are shown in
Figure II-47 and compared with USGS measurements below Tulloch Reservoir and Goodwin Dam.
The simulated release temperatures tend to be higher than the measured data during summer.

The simulated warming in Tulloch Reservoir cannot be confirmed because no measured release data
exist for New Melones Reservoir. The measured data indicate a warming in Goodwin Dam that is
not simulated, because the simulated release temperature from Tulloch Reservoir is already close to
equilibrium temperature.

Stanislaus River Temperatures

Simulated river temperatures in the Stanislaus River downstream of Goodwin Dam are shown in
Figure II-48 and compared with USGS measurements at Oakdale and Ripon for the 1985-1990
calibration period. The Stanislaus River Basin Temperature model starts at Goodwin Dam and
temperatures at this point are adjusted to match measured temperatures. The simulated monthly
average river temperatures are usually within 1-2 degrees Fahrenheit of the measured data. The
estimated equilibrium temperatures are shown for comparison. The downstream temperatures
approach the equilibrium temperature during most years.

Summary of Temperature Calibration

These calibration results demonstrate the general adequacy of the monthly water temperature models
to simulate reservoir profiles, release temperatures, and downstream river temperatures for each of
the major river segments that are directly affected by CVP operations. These calibration results
provide evidence that the simulated temperature effects of the CVPIA PEIS alternatives can be used
with confidence in the PEIS impact assessments for habitat water quality and fisheries.
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DELTA OUTFLOW-SALINITY CALCULATIONS

One of the most important habitat variables in the Delta is salinity, commonly measured as electrical
conductivity (EC) values. Recent analysis (Kimmerer and Monismith, 1992 ) has indicated that the
mean monthly location of the 2-parts-per-thousand (approximately 3-millisiemens-per-centimeter
[mS/cm] EC) salinity gradient can be well described as a function of Delta outflow. Similar analysis
by Contra Costa Water District (CCWD) (Sullivan and Denton, 1994) has indicated that salinity at
each EC measurement station can be well described as a function of the effective outflow, which is
estimated as a function of previous "antecedent" outflows. Both approaches allow salinity patterns
in the estuarine portion of the Delta to be estimated from Delta outflow. The salinity patterns for
each CVPIA PEIS alternative can therefore be approximated from the simulated monthly Delta
outflows.

Historical EC measurements have been analyzed as a function of the effective Delta outflow,
which is similar to the antecedent Delta outflow concept suggested by CCWD (Sullivan and Denton,
1994). Because the salinity gradient location is governed by the balance between Delta outflow and
tidal mixing of salinity from San Pablo Bay, the observed EC at a fixed station is a function of the
effective Delta outflow. During periods of steady Delta outflow, the average EC value will remain
relatively constant (with a large tidal fluctuation). The expected mean EC value at a fixed location
in an idealized one-dimensional estuary is a negative exponential function of outflow:

EC = a x exp(-b x outflow)

However, the observed EC at a location is not immediately changed by an increase or decrease in
Delta outflow. During periods of increasing outflow, the EC will be decreasing but will be higher
than expected with calculations based on a steady outflow. During periods of decreasing outflow,
the EC will be increasing but will be lower than expected with calculations based on a steady
outflow. This dynamic change in the observed EC can be approximated with a calculated effective
outflow. An exponential estimate of the change in the monthly effective outflow has been found to
be:

Effective Change = (Outflow - Effective Outflow) x [1 - exp(-Effective Outflow + 5,000)]

where the monthly response factor is estimated to be 5,000 cfs.

For example, if the effective Delta outflow is 7,500 cfs, then the response of the effective outflow
to a change in monthly outflow would be 78 percent (1 - exp [-7,500 + 5,000] = 0.78). A change in
outflow to 10,000 cfs would change the effective outflow to 9,450 (7,500 + [0.78 x 2,500] = 9,450).
For an effective outflow of 10,000 cfs, the response to a change in monthly outflow would be 86
percent. For an effective outflow of 20,000 cfs, the response to a change in outflow would be 98
percent.

Table II-5 gives the approximate exponents and coefficients necessary for calculating monthly EC
values at several Delta locations as a function of monthly Delta outflow. Figure II-49 shows the
historical monthly average EC measurements at three Delta locations as functions of calculated
monthly effective Delta outflow. These approximate salinity calculations are adequate for the
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TABLE 11-5

EQUATIONS FOR CALCULATING DELTA
ELECTRICAL CONDUCTIVITY AND X2 POSITION

Effective Delta Outflow (cfs) = QOUT

QOUT(t) = QOUT(t-1) + [Outflow(t) - QOUT(t-1)] * [1 - exp(-QOUT(t-1) / 5000)]

EC at Benicia (mSIcm)

EC = 0.15 + 33 * exp(QOUT * -.00006)

EC at Port Chicago (mSIcm)

EC = 0.15 + 32 * exp(QOUT * -.00010)

EC at Chipps Island (mSIcm)

EC = 0.15 + 30 * exp(QOUT * -.00025)

EC at Collinsville (mSIcm)

EC = 0.15 + 25 * exp(QOUT * -.00030)

EC at Antioch (mS/cm)

EC = 0.15 + 20 * exp(QOUT * -.00035)

EC at Jersey Point (mSIcm)

~ EC = 0.15 + 8 * exp(QOUT * -.00040)

X2 Position (kilometers from the Golden Gate)

X2(t) = 122.2 + 0.3278 * X2(t-1) - 17.65*Log[Outflow(t)]

Where:
Outflow = estimated monthly average Delta outflow (cfs)
(t) denotes current month. (t-l) is the previous month.

SOURCES:
San Francisco Estuary Project, 1993; STORET data base maintained by EPA.
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CVPIA PEIS alternative assessments. Estuarine habitat area as a function of upper salinity limits
for some anadromous species is described in the Fisheries Technical Appendix.

DELTA CHANNEL FLOW CALCULATIONS

The evaluation of potential fish movement in the Delta requires estimates of net Delta channel flows.
These net Delta channel flows are calculated as part of habitat water quality conditions using
equations that sumlnarize hydraulic "flow-split" results from the Resource Management Associates
(RMA) Delta hydrodynamic model simulations and ultrasonic velocity meter (UVM) measurements
from several Delta locations. Tidal flows are assumed to be constant for all the CVPIA alternatives
and depend only on location within the Delta.

The PROSIM model calculates Delta inflows for the Sacramento River at Freeport; the Yolo Bypass;
and the Mokelumne, Cosumnes, and Calaveras rivers along with some miscellaneous east side
streams (referred to as east side inflow), and the San Joaquin River at Vernalis. PROSIM also
calculates the CVP and SWP exports, along with the North Bay and CCWD diversions. The Delta
channel depletion is estimated as a part of the consumptive use/depletion analysis calculations and
is input as a time series for PROSIM simulations. Total Delta outflow is calculated in PROSIM
using a water budget for the Delta. The X2 location is calculated from the Delta outflow using the
monthly X2 equation (Kimmerer and Monismith, 1992).

FLOW-SPLIT EQUATIONS

The PROSIM model was modified to estimate the total Delta Cross Channel (DCC) and Georgiana
Slough flow for various percentages of gate openings, based on the DAYFLOW equations from
DWR. The PROSIM model also calculates the QWEST flow parameter, based on the CVP and
SWP exports, CCWD diversions, DCC and Georgiana Slough flows, east side inflow, San Joaquin
River inflow, and channel depletions (Table II-6).

Several other Delta channel flows were estimated for CVPIA alternative impact assessment
purposes. These include:

¯ Old River diversion flow from the San Joaquin River
¯ Sacramento River flow at Rio Vista
¯ Threemile Slough flow from the Sacramento River to the San Joaquin River
¯ San Joaquin River flow at Antioch
¯ Montezuma Slough flow from the Sacramento River to Suisun Marsh
¯ Old and Middle river channel flow between the export pumps and Bacon Island

Each of these Delta channel flows is calculated as a function of Delta inflows and exports as
summarized in Table II-6. For example, the Old River diversion flow from the San Joaquin River
below Vernalis is approximately 40 percent of the Vernalis flow plus 40 percent of the export
pumping plus 550 cfs, according to IAWM measurements. Reverse flows in the vicinity of Stockton
are possible during periods of high exports and low San Joaquin River inflow, but these reverse
flows are generally low (less than 250 cfs).
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TABLE 11-6

REGRESSION EQUATIONS FOR CALCULATING DELTA CHANNEL
NET FLOW SPLITS

A. Sutter and Steamboat Slough Diversions (DCC open)

RMA model: 0.35 Freeport -1,608

USGS UVM: 0.41 Freeport-965

B. Sutter and Steamboat Slough Diversions (DCC closed)

RMA model: 0.41 Freeport-1,910

USGS UVM: 0.48 Freeport-715

C. DCC and Georgiana Slough Diversions (DCC open)

DAYFLOW: 0.29 Freeport +2,090

RMA model: 0.27 Freeport +2,896

USGS UVM: 0.34 Freeport +1,203

D. Georgiana Slough Diversions (DCC closed)

DAYFLOW: 0.13 Freeport +830

RMA model: 0.14 Freeport +850

USGS UVM: 0.15 Freeport +570

E. Threemile Slough Flow from Sacramento River to San Joaquin River

RMA model: 0.23 Rio Vista -0.31 QWEST + 0

USGS UVM: 0.08 Rio Vista -0.16 QWEST + 910

F. Montezuma Slough Diversion (Gates Operating}

RMA model: 0.005 Outflow +2,200

DWR UVM: 0.005 Outflow +1,950

G. Montezuma Slough Diversion (Gates Open)

RMA model: 0.02 Outflow -950

DWR UVM: 0.05 Outflow -860

H. San Joaquin River at Stockton

RMA model: 0.43 Vernalis -0.05 Exports -190

USGS UVM: 0.59 Vernalis -0.04 Exports -550

I. Old River Flow between Clifton Court and Rock Slough

RMA model: 0.55 (Old and Middle river flow)

USGS UVM: 0.45 (Old and Middle river flow)

J. Dutch Slough

RMA model: 0.045 QWEST + 33

USGS UVM: 0.050 QWEST- 185

Fish Habitat Water Quality M/M 11-80 September 1997

C--084072
C-084072



Draft PEIS Description

Sacramento River net flow at Rio Vista is calculated as the sum of the Sacramento River flow at
Freeport and Yolo Bypass inflows minus the DCC and Georgiana Slough diversions.

Threemile Slough net flow is calculated as 910 cfs plus 8 percent of the Rio Vista flow minus
16 percent of the calculated QWEST flow. Threemile Slough flow is almost always positive from
the Sacramento River to the San Joaquin River. Threemile Slough flow increases when DCC and
Georgiana Slough flow is reduced with gate operations because 8 percent of the flow increase at
Rio Vista and 16 percent of the reduced QWEST flow moves through Threemile Slough.

San Joaquin River net flow at Antioch is calculated as the sum of QWEST and Threemile Slough
flow. If QWEST is positive, all of the net Threemile Slough flow moves past Antioch. If QWEST
is negative, some of the Threemile Slough flow moves upstream, while the remainder moves
downstream past Antioch. IfQWEST is negative (upstream) and Threemile Slough flow is less than
the upstream QWEST flow, negative (upstream) flow from Antioch will occur.

Montezuma Slough net flow from the Sacramento River near Collinsville is calculated as a
fraction of the Delta outflow. When the Suisun Marsh salinity control structure is operating, the
diversion is estimated as 2,200 cfs plus 0.5 percent of Delta outflow. When the gates are not
operating (i.e., they are open), approximately 2 percent of Delta outflow minus 950 cfs is diverted
from the Sacramento River into Suisun Marsh.

Net flow in Old and Middle rivers between the export pumps and north of Bacon Island is calculated
with a water budget as the sum of the Old River diversions (only inflow) minus the SWP and CVP
exports, CCWD diversions, and approximately 65 percent of the Delta channel depletions (assumed
fraction of channel depletions in the central and south Delta). The Old and Middle river flow is
usually negative, moving upstream toward the CVP and SWP pumps. Approximately half the net
flow is split between the two channels.

The use of these calculated Delta channel flows in various fisheries impact assessment indices is
described in the Fisheries Technical Appendix.

FLOW-SPLIT MEASUREMENTS

The USGS has operated UVM tidal flow measurement stations at several Delta channel locations
during recent years as part of its Interagency Ecological Program (IEP) contributions. These 15-
minute interval tidal flow data allow the net channel flow-split equations that are used in the CVPIA
PEIS assessment methods to be evaluated and confirmed. The operating features of the UVM tidal
flow measurement stations and the calibration of these fixed stations with the boat-mounted acoustic
Doppler current profiler system have been described in several recent USGS reports (Simpson and
Oltmarm, 1992; Smith et al., 1995).

The measurements of tidal stage, measurements of average channel velocity, and calculations oftidaI
flow past the station are recorded at 15-minute intervals and can be averaged (i.e., filtered) over the
tidal cycle (25 hours) to provide net daily channel flows. The net daily channel flow data can be
used to estimate regression equations to approximate net channel flow splits. Figure I1-50 shows
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a map of the Delta with the locations of the UVM tidal flow measurement stations and the period
of record for UVM measurements.

Sacramento River Channel Flow Splits

Four important diversions from the Sacramento River (i.e., channel flow splits) have been measured
with UVM stations. The Sacramento River streamflow gage at Freeport is actually a UVM station
that has been operated by USGS since 1980. Two additional UVM stations were installed in 1993
above the DCC and below Georgiana Slough. The combined diversions into Sutter and Steamboat
sloughs and the combined diversions into the DCC and Georgiana Slough can be calculated as the
differences between these three UVM stations. Another UVM station was installed in 1994 in
Threemile Slough to measure the diversions from the Sacramento River (downstream of Rio Vista)
to the San Joaquin River (upstream of False River). The fourth Sacramento River diversion is into
Montezuma Slough and Suisun Marsh. DWR operates a UVM station at the Suisun Marsh salinity
control structure. This station has operated since the salinity control gates were completed in late
1988.

Figure II-51A shows daily Sacramento River flow measurements at Freeport, above the DCC, and
below Georgiana Slough during calendar year 1993. The channel capacity at Freeport is about
80,000 cfs, and flows reached this capacity during three storms in 1993. Flows were less than
20,000 cfs during fall (e.g., lowest in November). Figure II-51B shows the daily Sacramento River
flow measurements during calendar year 1994. Flows were much lower, with several period of less
than 10,000 cfs at Freeport. Because of federal Endangered Species Act biological opinion
requirements for winter-run chinook salmon, May 1994 was one of the first times when the DCC
was closed during low Sacramento River flows (the DCC has traditionally been open until Freeport
flows increased to above 30,000 cfs). The data from these two years provide a full range of flow
conditions for evaluating the flow splits at Steamboat and Sutter sloughs and at the DCC and
Georgiana Slough (with and without the DCC closed).

Figure II-52A shows the measured Sacramento River flow splits over the full range of measured
Freeport flows, from about 7,000 cfs to 80,000 cfs. Both flow splits appear to be a relatively
constant fraction of the Freeport flow, but the fractions shift when the DCC is closed. Because the
DCC is always closed when Freeport flow is greater than 30,000 cfs, a single flow-split fraction is
evident for each diversion above a Freeport flow of about 30,000 cfs.

Figure II-52B shows that there are two distinct flow-split fractions for Freeport flow below 30,000
cfs. When the DCC is open, about 40 percent of the Freeport flow is diverted into SuRer and
Steamboat sloughs. The diverted fraction increases to almost 50 percent when the DCC is closed.
When the DCC is closed, the Georgiana Slough diversion is about 15 percent of the Freeport flow.
When the DCC is open, the combined DCC and Georgiana Slough diversion is about 35 percent of
the Freeport flow. The measured Sacramento River flow below Georgiana Slough is therefore about
35 percent of Freeport flow when the DCC is closed, but only about 25 percent of Freeport flow
when the DCC is open. The flow-split fractions vary at lower flows because the regression lines
have non-zero intercepts caused by the influence of complex tidal flow dynamics at relatively small
river flows.
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The greater scatter in the measured flow splits at higher Freeport flows is the result of the rapidly
changing flows and river stages during major storm events. Additional variations in the measured
flow splits occur on days when the DCC gates are operated (i.e., opened or closed). The estimated
flow-split fractions (i.e., regression equations) are only an approximation of the complex tidal flow
dynamics at these river locations. Table II-6 indicates that the USGS measurements and the RMA
Delta hydrodynamic model results provide similar estimates of these Sacramento River net flow
splits.

Threemile Slough connects the Sacramento River (about 8 miles upstream of the confluence)
and the San Joaquin River (about 13 miles upstream of the confluence). Tidal flows are caused by
the difference in water surface elevations at the two ends of Threemile Slough that result from
differences in tidal fluctuations on the Sacramento and San Joaquin rivers. Tidal flows in Threemile
Slough are quite large, averaging approximately 18,000 cfs during both flood- and ebb-tide periods.
However, net (i.e., tidal average) channel flow in Threemile Slough is relatively small and
governed by the flows in the two rivers. Future UVM stations are planned for the Sacramento River
at Rio Vista and the San Joaquin River at Jersey Point (being installed and tested during 1996 by
USGS).

Figure II-53A shows the USGS measurements in Threemile Slough during calendar years 1994-
1995. The Threemile Slough flows are plotted against the DAYFLOW estimates of Sacramento
River flow at Rio Vista. The DAYFLOW estimates of San Joaquin River flow from the central
Delta (QWEST) are shown for comparison. During this period, which included a wide range of
Sacramento River flows (maximum of 300,000 cfs) and San Joaquin River flows (maximum of
55,000 cfs), the measured daily average net flows in Threemile Slough remained between about
20,000 cfs (i.e., from the Sacramento River) to about -1,000 cfs (i.e. from the San Joaquin River).
Some of the apparent variation in Threemile Slough flow measurements may be caused by the Yolo
Bypass inflow estimates used to compute the Rio Vista flow in DAYFLOW. Other variations in
Threemile Slough net flow may result from fluctuations in tidal flows caused by spring-neap cycles
and rapid changes in river stage during high flows.

Figure II-53B show the Threemile Slough flows for Sacramento River flows of less than 25,000 cfs.
There is no effect from Yolo Bypass inflows in this range of Sacramento River flow and the
measured Threemile Slough flows range from about 0 cfs to about 3,000 cfs. No negative net flows
(from San Joaquin River) were observed for Sacramento River flows of less than 25,000 cfs.
Relatively large San Joaquin River flows (more than twice the Sacramento River flow) are required
to change the net flow direction in Threemile Slough.

The measured Threemile Slough flows were approximated with a regression equation using the
DAYFLOW estimates of Rio Vista and QWEST flows (combination of San Joaquin River, False
River, and Dutch Slough flows). The regression indicates that Threemile Slough flows can be
estimated as 910 cfs plus 8 percent of the Rio Vista flow minus 16 percent of the QWEST flow.
Table II-6 indicates that the USGS measurements of net flows in Threemile Slough were generally
lower than the RMA hydrodynamic model results, especially at high Sacramento River flows. This
difference between the estimated and measured Threemile Slough net flows is less important for the
fisheries transport and entrainment assessment methods, because the exchange of water (with
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associated salinity and organisms) between the Sacramento and San Joaquin rivers is largely
governed by the Threemile Slough tidal flows.

Figure II-54 shows the DWR measurements of Montezuma Slough net daily flows for water years
1989 and 1990 as a function of Delta outflow estimates from DAYFLOW. When the Suisun Marsh
salinity control gates are operating (to block flood-tide flows from Suisun Marsh to the Sacramento
River), the net daily flow from the Sacramento River is about 1,950 cfs plus a small fraction of Delta
outflow (0.5 percent). If the gates are not operating, the Montezuma Slough diversion is about
5 percent of the Delta outflow minus 860 cfs (i.e., net flow from Suisun Marsh if Delta outflow is
less than about 20,000 cfs). Some of the scatter between these two measured flow-split curves may
be caused by partial operation of the salinity control gates during a day. Table II-6 indicates that the
DWR measurements and the RMA Delta hydrodynamic model results provide similar estimates of
this flow diversion into Suistm Marsh channels both with and without salinity control gate operation.

San doaquin River Channel Flow Splits

The major flow diversion from the San Joaquin River occurs at the head of Old River, upstream of
Stockton. Old River channel flows toward the CVP export pumps at Tracy and past the Clifton
Court Forebay of the SWP export pumps. A secondary diversion from Old River to the head of
Middle River is quite small because Middle River has limited channel capacity. Downstream of the
export pumps, Victoria Canal connects the Old River channel with the Middle River channel. Flows
between the central Delta and the export pumps can therefore use both Old and Middle river
channels. Three UVM stations allow these San Joaquin River channel diversions to be measured
and approximated with regression equations.

A UVM tidal flow station was recently installed by USGS on the San Joaquin River near the
Stockton wastewater treatment plant discharge location. By comparing the flow at the Stockton
UVM station with the San Joaquin River flow at Vernalis, the flow split for the head of Old River
can be estimated. Figure II-55 shows the measured Stockton net daily flow as a fraction of the San
Joaquin River flow at Vernalis. The regression of these UVM measurements from water year 1996
with Vemalis flows indicates that San Joaquin River flow at Stockton is about 59 percent of Vernalis
flow minus 4 percent of exports minus 550 cfs. Negative flows have not been measured, but the
lowest San Joaquin River flow at Vernalis during 1996 was about 2,000 cfs. Table II-6 indicates that
the RMA model simulates Stockton flow to be slightly less than the USGS measurements.

The USGS has operated two UVM stations in the south Delta on Old River and Middle River
on each side of Bacon Island (See Figure I1-50) since 1987. These two UVM stations record the tidal
and net flows between the central Delta and the export pumps. The total flow will be split between
the two channels according to their overall channel conveyance (i.e., cross-section area and friction
factors). Figure II-56 indicates that the Old River channel conveys slightly less than half
(i.e., 45 percent) of the total net flow. Table II-6 indicates that the RMA model simulates Old River
channel flow to be slightly greater than half (i.e., 55 percent) of the total net flow.

The Dutch Slough UVM station was installed by USGS in 1996. This channel connects Franks Tract
with Big Break near Antioch. Figure II-57 shows the USGS net flow measurements as a fraction of
QWEST estimates. The regression equations suggests that Dutch Slough flow is about
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5 percent of San Joaquin River outflow from the central Delta (QWEST). Table II-6 indicates that
the RMA model simulates a very similar flow split for Dutch Slough. Tidal mixing of salt from Big
Break into Franks Tract and Old River may be substantial during periods of low Delta outflow
because tidal flows are relatively large in Dutch Slough (i.e., average flood-tide flow of 5,000 cfs).

These available tidal flow measurements from operating USGS and DWR UVM stations allow the
major Delta channel flow splits to be approximated with linear regression equations between the
measured Delta inflows and exports. These measured channel flow splits generally confirm the
RMA Delta hydrodynamic model results, although some differences attributable to specified channel
geometry and roughness estimates can be identified from Table II-6. The effects of changes in Delta
inflows, exports, and assumed gate operations (i.e., DCC, head of Old River, Suisun Marsh salinity
control gates) can be estimated using these approximate flow-split equations at a level appropriate
for programmatic environmental assessment purposes.

DELTAMOVE TRANSPORT AND ENTRAINMENT MODEL

PURPOSE

Eggs and larvae of species with planktonic life stages, such as delta and longfin smelt, are
transported by flow, including tidal flows, and may be entrained by agricultural diversions and Delta
export pumps. The Delta_MOVE (Movement of Organisms Vulnerable to Entrainment) model was
developed to provide detailed information on the potential net movement of water in and through
the Delta, including information on the fate of water from specific Delta locations. The net
movement of water may affect the movement of planktonic organisms or provide cues to active
movement of fish. The DeltaMOVE model was used for the fisheries impact assessment for the
environmental impact report/environmental impact statement (EIR/EIS) and the biological
assessment required under the Endangered Species Act for the proposed Delta Wetlands project
(Jones & Stokes Associates, 1995).

For the CVPIA PEIS, the DeltaMOVE model is used to estimate the percentage of water that may
end up being entrained by channel diversions and Delta exports. This entrainment calculation is
made for water starting from different Delta regions (volume segments). Changes in the percentage
of entrainment estimated by the DeltaMOVE model represent general habitat conditions that may
be expected from changes in flow and diversions relative to the No-Action Alternative. The
estimated monthly percent entrainment for water starting from different Delta volume segments is
calculated and described in Attachment B to the Fisheries Technical Appendix, "Fish Habitat Water
Quality Technical Information," because these values are determined solely by Delta flow and
diversion patterns. The impact assessment for specific fish populations includes assumed monthly
timing and spatial spawning distributions, as described in the Fisheries Technical Appendix.

DELTA VOLUME SEGMENTS

The DeltaMOVE transport and entrainment model represents the Delta and estuary with nine
major volume segments (i.e., habitat units). Conditions within each volume segment are assumed
to be uniform. Figure I1-58 shows a map of the Delta and estuary and identifies the approximate
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location of each of these volume segments. Figure 11-59 shows the assumed connections between
these volume segments and between the river inflows. The nine volume segments include:

¯ the lower Sacramento River between Freeport and Emmaton;

¯ the confluence of the Sacramento and San Joaquin rivers between Emmaton, Antioch
and Chipps Island;

¯ Honker Bay between Chipps Island and Roe Island;

¯ Suisun Bay between Roe Island and Benicia;

¯ Suisun Marsh;

¯ the lower San Joaquin River between Antioch and the Mokelumne River mouth;

¯ Mokelumne River channels;

¯ the central Delta, including Franks Tract; and

¯ the south Delta (Old and Middle river channels).

The volumes of the nine segments are estimated from the channel volumes used in the RMA Delta
hydrodynamic model (Smith and Durbin, 1989) as listed in Table II-7. The segment volume
determines the relative effects of net and tidal flows on water in each volume segment. The effective
volume of the volume segments may be reduced if the specified upper salinity limit is exceeded. The
location of the upper salinity limit is estimated from the position of X2 and an assumed logistic
shape for the longitudinal estuarine salinity profile. The specified upper salinity limit is assumed
to block the downstream movement of larval life-stage organisms.

FLOW AND TRANSPORT

The DeltaMOVE model transport and entrainment results depend on the tidal and net channel flows
between the volume segments. The Delta inflows, exports, diversions, outflow, and net channel
flows are calculated as described in the previous section. The tidal flows between volume segments
are estimated from results of the RMA Delta hydrodynamic model and listed in Table I1-7. The
diversions from each volume segment are estimated as a specified fraction of the Delta net channel
depletion, with an assumed irrigation efficiency of 67 percent (i.e., diversions are about 150 percent
ofevapotranspiration). The Suisun Marsh diversions for wetland flooding for waterfowl habitat that
occur from October through May with a peak diversion in December (1,000 cfs) and an annual
volume of 450 thousand acre-feet are not included in DeltaMOVE results for the CVPIA PEIS
evaluations. The absence of Suisun Marsh diversions does not affect the comparative analysis of
the alternatives included in the PEIS. Pacific Gas and Electric Company (PG&E) diversions from
the confluence and San Joaquin volume segments are also not included in the DeltaMOVE results
for the CVPIA PEIS evaluations.
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TABLE 11-7

HABITAT UNIT VOLUMES AND TIDAL FLOWS
INCLUDED IN THE DELTAMOVE MODEL

Downstream Percentage
Tidal of Tidal

Volume Flow Agricultural Exchange
Segment Description (TAF) (1,000 cfs) Diversions Fraction

1 Delta portion of Sacramento River 115 105 25 0.03
(-I’hreemile Slough flow) (20) (0.30)

2 Confluence of Sacramento and San 215 205 0 0.03
Joaquin rivers (Suisun Marsh flow) (5) (0.03)

3 Suisun Bay 300 335 0 0.03

4 Suisun Marsh 68 17 0 0.03

5 Delta portion of San Joaquin River 167 105 10 0.03
(Threemile Slough flow) (20) (0.30)

6 Mokelumne River channels 52 15 25 0.03

7 Central Delta 120 60 20 0.03

8 Honker Bay 200 225 0 0.03

9 South Delta 80 20 20 0.03

Total Value 1,317

NOTES:
TAF = thousand acre-feet.

Volume is estimated at mean sea level elevation.

Downstream tidal flow occurs for half the tidal cycle each day. An equal upstream tidal flow occurs during the
other half of each tidal cycle.
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The fraction of the tidal flows that produces tidal exchange (i.e., mixing) of water between segment
volumes was estimated by calibrating the tidal exchange rates to match salinity intrusion during low-
flow conditions (1991), as described in the next section. The tidal exchange flow is estimated to be
approximately 3 percent of the tidal flows between most volume segments. However, the tidal
exchange between the Sacramento and San Joaquin volume segments (through Threemile Slough)
is a greater fraction (30 percent) of the tidal flows because the tidal flow between these segments is
a "lateral" flow that is more completely mixed within the segments by the longitudinal tidal flows.
The tidal exchange with San Pablo Bay is assumed to be "one way", with none of the water leaving
Suisun Bay returning to Suisun Bay.

Net and tidal exchange flows transport water and passive organisms from one segment to another.
A daily water budget and passive particle budget for each segment are used to calculate the transport
and entrainment of water and passive particles within the Delta. The fate of organisms spawned in
selected segments or entering from the Sacramento River or San Joaquin River is estimated for a 30-
day period following the entry of the passive organisms into the Delta. The effects of fish screens
are not included in DeltaMOVE simulations because the planktonic life stages are not assumed to
be protected with screens.

A maximum salinity is specified to simulate the estuadne distribution of some larvae, which are
generally not observed in higher salinity water. The location of the specified maximum salinity is
determined by the Delta outflow. If this maximum salinity is located within a volume segment, the
effective volume of the segment (i.e., habitat) is reduced and passive organisms are retained within
the habitat volume (no passive particles are transported downstream). This increases the simulated
entrainment in upstream diversions and exports during periods of low Delta outflow.

TIME STEP

The DeltaMOVE model simulates the movement of water on a daily time step and calculates the
percentage of passive particles from a particular segment or river inflow that have been transported

¯ to San Pablo Bay, transported into other segments, or entrained in diversions or exports at the end
of 30 days (i.e., one month). For CVPIA impact assessment purposes, daily river inflows and
exports were assumed to be equal to the monthly average values simulated by PROSIM, and the
passive particles were introduced on the first day of each month. However, daily historical flows
can be used to more accurately represent effects of net channel flows and diversions on transport and
entrainment patterns. Daily flows were used to estimate tidal exchange rates through simulations
of salinity intrusion effects measured during low-flow (1991) conditions with different tidal
exchange rates (i.e., 1 percent to 5 percent of tidal flows). The results of this calibration exercise are
described in a later section of this technical appendix.

The general response of the DeltaMOVE model can be understood by consideration of the effects
of flow and diversions from a single volume segment. If there were no diversions, inflow would
equal outflow, and the movement of passive organisms from the volume segment would occur at a
constant rate, with the daily transport (i.e., loss) rate equal to the daily flow volume divided by the
segment volume. For a 1 percent daily outflow (e.g., 1,000 cfs from a segment volume of 200
thousand acre-feet), the number of passive organisms remaining in the segment would decline by
1 percent each day (with 99 percent remaining). The fraction of passive organisms spawned in the
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segment on the first day that would remain in the segment at the end of 30 days would be (0.99)30
= 0.74 (i.e., 74 percent), with 26 percent transported out of the segment.

Ifa diversion of 1,000 cfs were located in the same segment, an additional 1 percent of the organisms
would be entrained each day. The fraction remaining at the end of 30 days would be (0.98)30 = 0.55
(i.e., 55 percent), with 45 percent transported or entrained from the segment. If the outflow rate and
the diversion rate are equal, then the same number of organisms will be entrained and transported
from the segment. The fate (i.e., transport or entrainment) of passive organisms therefore
depends on the total rate of removal from the segment and the relative rates of diversion and
transport. Tidal exchange increases the transport from a segment but also allows upstream
movement of passive organisms.

DELTAMOVE RESULTS WITH HISTORICAL FLOWS

The DeltaMOVE transport and entrainment results depend on the river inflows, Delta channel flows,
exports, and agricultural diversions. The DeltaMOVE model was used to estimate transport and
entrainment of water that originated in each of the volume segments and from Sacramento and San
Joaquin river inflows. The monthly historical Delta inflows and exports for 1967-1991 were
simulated to approximate existing conditions. The results depend on the assumed tidal exchange
rates between each segment, which were calibrated using salinity intrusion measurements, as
described in a later section. For any specified tidal exchange rates, the transport and entrainment
patterns will be influenced by the net channel flows and diversions. The effects of tidal exchange
and diversions will be greater during periods with low net channel flows, and will be smaller during
periods of high net channel flows. The results of DeltaMOVE for the 1967-1991 historical Delta
inflows and exports are described in this section.

Suisun Bay Spawning Location

Figure 11-60 shows the DeltaMOVE results for historical 1967-1991 inflows and exports for particles
originating (i.e., spawning) in Suisun Bay. With an assumed tidal exchange of 3 percent of the tidal
flow (i.e., 10,000 cfs or 6.6 percent of the volume segment per day), about 65 percent of the particles
are transported out of Suisun Bay at very low net Delta outflow (e.g., 3,000 cfs). About 35 percent
of the particles remain within the Delta volume segments because of upstream transport from tidal
exchange (e.g., similar to salinity intrusion). As the Delta outflow increases, the fraction transported
to San Pablo increases and the fraction remaining in the Delta segments decreases rapidly. During
months with low Delta outflow, a very small fraction of the particles originating in Suisun Bay are
transported upstream and entrained in agricultural diversions or export pumping. However, with
Delta outflow of less than 20,000 cfs, there is unlikely to be much spawning of organisms in Suisun
Bay because the salinity would be excessive for eggs and larvae of most estuarine species.

Honker Bay Spawning Location

Figure II-61 shows the DeltaMOVE results for historical 1967-1991 inflows and exports for particles
originating (i.e., spawning) in Honker Bay. With an assumed tidal exchange equal to 3 percent of
the tidal flow, about 40 percent of the particles from Honker Bay are transported through Suisun Bay
and into San Pablo Bay at very low net Delta outflow (e.g., 3,000 cfs). About 60 percent of the
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particles remain within the Delta volume segments because of upstream transport from tidal
exchange (e.g., similar to salinity intrusion) and downstream transport into Suisun Bay. As the Delta
outflow increases, the fraction remaining in the Delta segments decreases rapidly. At relatively low
outflows, a small fraction of the particles originating in Honker Bay are transported upstream and
entrained in agricultural diversions or export pumping during months with low Delta outflow (less
than 5 percent entrained at outflows of less than 10,000 cfs). Suisun Marsh diversions for waterfowl
habitat and the PG&E cooling water diversions from the confluence and San Joaquin segments are
not simulated in these DeltaMOVE results.

Honker Bay may be an important spawning and rearing habitat volume during periods with moderate
Delta outflow (10,000 cfs to 20,000 cfs) because the salinity would be approximately 2-5 parts per
thousand. The fraction of organisms from Honker Bay that might be entrained is quite small at these
moderate Delta outflows.

Confluence Spawning Location

Figure II-62 shows the DeltaMOVE results for historical 1967-1991 inflows and exports for particles
originating (i.e., spawning) in the confluence Delta volume segment. With an assumed tidal
exchange equal to 3 percent of the tidal flows, about 20 percent of the particles from the confluence
are transported downstream into San Pablo Bay at very low net Delta outflow (e.g., 3,000 cfs) within
30 days. About 80 percent of the particles remain within the Delta volume segments or are entrained
in agricultural diversions or Delta exports. As the Delta outflow increases, the fraction remaining
in the Delta segments decreases rapidly. A higher Delta outflow is required to transport a given
fraction of the particles into San Pablo Bay than for particles spawned in Suisun Bay or Honker Bay.
A maximum of about 10-15 percent of the particles originating in the confluence segment are
transported upstream and entrained in agricultural diversions or export pumping during months with
relatively low Delta outflow (less than 10,000 cfs). Suisun Marsh diversions for waterfowl habitat
and the PG&E cooling water diversions from the confluence and San Joaquin volume segments are
not simulated in these DeltaMOVE results.

The confluence is a very important habitat volume during the spring period when the X2 location
is regulated to be maintained within this region or downstream in Honker Bay or Suisun Bay.
Without considering the PG&E cooling water diversions, an outflow of about 7,000 cfs (i.e., X2
location at Collinsville) will transport about 50 percent of the particles from the confluence segment
into San Pablo Bay (or maintain them in the entrapment zone if the upper salinity limit is exceeded),
and a maximum of about 10 percent of the particles would be entrained in agricultural diversions and
Delta exports. Higher outflows would transport more of the spawned organisms toward San Pablo
Bay, effectively protecting them from entrainment in agricultural diversions and Delta exports.

Sacramento Spawning Location

Figure II-63 shows the DeltaMOVE results for historical 1967-1991 inflows and exports for.particles
originating (i.e., spawning) in the Sacramento Delta volume segment. With an assumed tidal
exchange equal to 3 percent of the tidal flows, only about 5 percent of the particles from the
Sacramento volume segment are transported downstream into San Pablo Bay at very low net Delta
outflow (e.g., 3,000 cfs) within 30 days. The fate of particles originating in the Sacramento volume
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segment is more variable, depending on the diversions and exports. Between 40 percent and
80 percent of the particles remain within the Delta volume segments and a maximum of about
20 percent are entrained in agricultural diversions and a maximum of 20 percent are entrained in
Delta exports. As the Delta outflow increases, the fraction transported into San Pablo Bay increases,
while the fraction remaining in the Delta volume segments or entrained in agricultural diversions or
Delta exports decreases. A higher Delta outflow is required to transport a given fraction of the
particles into San Pablo Bay than for particles spawned in downstream segments. Suisun Marsh
diversions for waterfowl habitat and the PG&E cooling water diversions from the confluence and
San Joaquin segments are not simulated in these DeltaMOVE results.

San doaquin Spawning Location

Figure II-64 shows the DeltaMOVE results for historical 1967-1991 inflows and exports for
particles originating (i.e., spawning) in the San Joaquin Delta volume segment. The results are
similar to those for the Sacramento volume segment, although the effects of diversions and exports
are greater for particles originating in the San Joaquin volume segment. With an assumed tidal
exchange equal to 3 percent of the tidal flows, only about 5 percent of the particles from the San
Joaquin volume segment are transported downstream into San Pablo Bay at very low net Delta
outflow (e.g., 3,000 cfs) within 30 days. The fate of particles originating in the San Joaquin volume
segment is quite variable at low outflow (e.g., less than 10,000 cfs), being dependent on the
diversions and exports. Between 30 percent and 80 percent of the particles remain within the Delta
volume segments. A maximum of about 30 percent are entrained in agricultural diversions, and a
maximum of 40 percent are entrained in Delta exports. As the Delta outflow increases, the fraction
transported into San Pablo Bay increases, while the fraction remaining in the Delta volume segments
or entrained in agricultural diversions or Delta exports decreases. A higher Delta outflow is required
to transport a given fraction of the particles into San Pablo Bay than for particles spawned in
downstream segments. Suisun Marsh diversions for waterfowl habitat and the PG&E cooling water
diversions from the confluence and San Joaquin segments are not simulated in these DeltaMOVE
results.

Central Delta Spawning Location

Figure II-65 shows the DeltaMOVE results for historical 1967-1991 inflows and exports for particles
originating (i.e., spawning) in the central Delta volume segment. The results are dominated by
entrainment in agricultural diversions and Delta exports at Delta outflow of less than 20,000 cfs.
With an assumed tidal exchange equal to 3 percent of the tidal flows, a maximum of only about
5 percent of the particles from the San Joaquin volume segment are transported downstream into San
Pablo Bay within 30 days at Delta outflow of 10,000 cfs. The fate of particles originating in the San
Joaquin volume segment is quite variable at all outflows, because the fate is dependent on the
diversions and exports. Usually less than 20 percent of the particles remain within the Delta volume
segments. A maximum of about 30 percent are entrained in agricultural diversions, and a maximum
of 80 percent are entrained in Delta exports. As the Delta outflow increases, the fraction transported
into San Pablo Bay may increase, but the fraction entrained in agricultural diversions or Delta
exports can still be relatively large. The net flow from the central Delta (i.e., QWEST) and tidal
exchange provides the only downstream transport for water and organisms spawned in the central
¯ Delta. Most of this water is usually transported to the export pumps or agricultural diversions.
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CONFIRMATION OF DELTAMOVE RESULTS WITH DELTA SALINITY
MEASUREMENTS

This section demonstrates that DeltaMOVE can accurately simulate the effects of salinity intrusion
from San Pablo Bay that is controlled by net flow transport and tidal flow mixing exchange. The
net transport that is simulated in DeltaMOVE is based on the daily net channel flow splits that have
been confirmed by USGS tidal flow UVM measurements, as described in a previous section of this
chapter. The tidal flow mixing exchange is simulated as a constant fraction of the tidal flow between
the Delta volume segments, as simulated by the RMA hydrodynamic model. These simulated tidal
flows are given in Table II-7 as the average downstream tidal flow that occurs during ebb-tide
periods. An equal upstream average tidal flow occurs during flood-tide periods. This section
describes the calibration of this mixing exchange to be approximately 3 percent of the tidal flow.

Historical Delta channel flows and EC measurements are used to calibrate the tidal mixing exchange
coefficients used in the DeltaMOVE model. Salinity is used as a conservative tracer to test the
ability of the DeltaMOVE model to simulate transport and mixing processes for a range of Delta
inflows, exports, diversions, and outflow conditions. Salinity intrusion is greatest, and the tidal
mixing exchange coefficient is most important, during periods of relatively low Delta outflow.
Therefore, water year 1991 was selected for this test of the DeltaMOVE mixing and transport model
formulations.

The historical daily Delta flows for water year 1991 were obtained from the DWR DAYFLOW
records. The daily average EC data for several water quality monitoring locations were obtained
from the EPA STORET records of Reclamation stations. The Benicia station provided the measured
EC used as the downstream boundary conditions for the Suisun Bay volume segment. Greene’s
Landing and Vernalis EC measurements were used as the Sacramento and San Joaquin river inflow
values, respectively. The initial EC for each Delta volume segment was estimated from the
measurements at the beginning of October. Agricultural drainage is not simulated as a source of
salinity because the DeltaMOVE model is normally used to track organisms that are assumed to be
lost when diverted. Only net channel depletions were simulated for this calibration of 1991
conditions.

The tidal exchange at the downstream boundary is simulated as the balance between the following
terms:

¯ The net Suisun Bay outflow plus the tidal exchange flow times the Suisun Bay average EC
value (for the previous day) is the simulated loss of salt (EC) from the Suisun Bay segment.

¯ The tidal exchange flow times the Benicia EC value (for the previous day) is the simulated
gain of salt (EC) from San Pablo Bay.

The movement and tidal exchange of salinity (EC) between all other volume segments involves
similar terms, with the flows multiplied by the average EC values from the previous day. Assuming
that the segment volumes, daily net flows, and average tidal flows between each volume segment
are accurate, the only mixing coefficient that requires calibration is the tidal mixing exchange
fraction. These tidal exchange fractions are likely to be a function of the geometry and net flows,
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but for CVPIA assessment purposes a constant exchange fraction was assumed, with a value between
1 percent and 5 percent of the average tidal flow.

Figure II-66 shows the DAYFLOW-estimated daily Delta outflow and San Joaquin River flow at
Antioch for water year 1991. The effective Delta outflow is also shown, estimated with a daily
response factor of 150,000 cfs (equivalent to a monthly response factor of 5,000 cfs). The effective
outflow acts as a "moving average" of outflow and has been found to describe the general response
of Delta EC values to changes in Delta outflow (see"Delta Outflow-Salinity Calculations" above).
During 1991, the effective outflow increased from about 2,500 cfs in October to 5,000 cfs in January.
A storm of relatively short duration with a peak outflow of about 25,000 cfs occurred in early
February. A series of four storms in March ("Miracle March" of 1991) increased the effective
outflow to about 25,000. Delta outflow declined rapidly (actually negative for several days in April,
and the effective outflow decreased to 5,000 cfs in May and remained less than 5,000 cfs through
September.

Figure II-67 shows the DeltaMOVE-simulated EC in the Suisun Bay volume segment for 1 percent,
3 percent, and 5 percent tidal exchange coefficients. The assumed initial EC for the Suisun Bay
volume was about 18 mS/cm, and the three measured EC stations shown for comparison are Benicia,
Port Chicago, and Pittsburg. The Port Chicago EC is assumed to represent the average Suisun Bay
EC pattern. The comparison indicates that a 1 percent tidal mixing exchange fraction results in
simulated EC values that are too low (i.e., matching the upstream Pittsburg EC). The 3 percent
exchange fraction gives simulated EC values that match the Port Chicago measurements reasonably
well, although the daily EC measurements fluctuate more than the simulated EC values. The
simulated EC values represent average Suisun Bay EC, whereas the measured EC values are from
a single station and fluctuate with daily changes in outflow and spring-neap variations in average tide
elevation (which affects the location of the average salinity gradient). The 5 percent exchange
fraction results are very close to the measured Benicia EC values that are used as the downstream
boundary condition. The simulated response of Suisun Bay EC during the high-flow period in
March was similar to the measured EC at the stations located in Suisun Bay. The simulated and
measured EC values declined through March, following the effective Delta outflow.

Figure II-68 shows the DeltaMOVE simulated EC in the Honker Bay volume segment for 1 percent,
3 percent, and 5 percent tidal exchange coefficients. The assumed initial EC for the Honker Bay
volume was about 10 mS/cm, and the three measured EC stations shown for comparison are Port
Chicago, Pittsburg, and Collinsville. The Pittsburg EC is assumed to represent the average Honker
Bay EC pattern. The comparison indicates that a 1 percent tidal mixing exchange fraction results
in simulated EC values that are too low (i.e., matching the upstream Collinsville EC). The 3 percent
exchange fraction gives simulated EC values that match the Pittsburg measurements reasonably well,
although the daily EC measurements fluctuate more than the simulated EC values because of daily
changes in outflow and spring-neap tide variations. The 5 percent exchange fraction results are
almost as high as the measured Port Chicago EC values. The simulated response of Honker Bay EC
during the high-flow period in late March was similar to the measured EC at the stations located in
the vicinity of Honker Bay, following the effective outflow pattern. The simulated EC in Honker
Bay increased throughout the summer as the estimated DAYFLOW outflow values declined. The
measured EC values were more constant through summer, indicating that the actual outflow likely
remained at about 5,000 cfs during the summer.
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Figure II-69 shows the DeltaMOVE-simulated EC in the confluence volume segment for 1 percent.
3 percent, and 5 percent tidal exchange coefficients. The assumed initial EC for the confluence
volume was abou~ 7 mS/cm, and the three measured EC stations shown for comparison are
Pittsburg, Collinsville, and Antioch. The Collinsville EC is assumed to represent the average
confluence volume EC pattern. The comparison indicates that a 1 percent tidal mixing exchange
fraction results in simulated EC values that are too low (i.e., lower than the upstream Antioch EC).
The 3 percent exchange fraction gives simulated EC values that match the Collinsville measurements
reasonably well, although the daily EC measurements fluctuate more than the simulated EC values.
The 5 percent exchange fraction results are almost as high as the measured downstream Pittsburg
EC values. The simulated response of the confluence volume segment EC during the high-flow
period in March was similar to the measured EC at the stations located in the vicinity of the
confluence. The reduction in EC values in the confluence volume (and at the upstream EC
measurement stations) in March occurred earlier than in Honker Bay and Suisun Bay because the
high Delta inflows "flushed" the upstream volume segments more rapidly.

Figure II-70 shows the DeltaMOVE-simulated EC in the Sacramento Delta volume segment for
1 percent, 3 percent, and 5 percent tidal exchange coefficients. The assumed initial EC for the
Sacramento volume was about 2 mS/cm, and the three measured EC stations shown for comparison
are Collinsville, Emmaton, and Rio Vista. The Emmaton EC is assumed to represent the average
Sacramento Delta volume EC pattern. The comparison indicates that a 1 percent tidal mixing
exchange fraction results in simulated EC values that are too low (i.e., matching the upstream Rib
Vista EC). The 3 percent exchange fraction gives simulated EC values that match the Emmaton EC~-
measurements reasonably well. The 5 percent exchange fraction results are almost as high as the
measured downstream Collinsville EC values. The simulated response of the Sacramento Delta
volume segment EC during the high-flow period in March was similar to the measured EC at the
stations located in the Sacramento River portion of the Delta. The reduction.in EC values in the
Sacramento volume segment occurred early in March because the high Sacramento River inflows
"flushed" the upstream Delta volume segments within a few days.

Figure II-71 shows the DeltaMOVE-simulated EC in the San Joaquin Delta volume segment for
1 percent, 3 percent, and 5 percent tidal exchange coefficients. The assumed initial EC for the San
Joaquin volume segment was about 2 mS/cm, and the three measured EC stations shown for
comparison are Antioch, Jersey Point, and San Andreas. The Jersey Point EC is assumed to
represent the average San Joaquin Delta volume EC pattern. The comparison indicates that a
1 percent tidal mixing exchange fraction results in simulated EC values that are too low
(i.e., matchiffg~e upstream San Andreas EC). The 3 percent exchange fraction gives simulated EC
values that match the Jersey Point EC measurements reasonably well. The 5 percent exchange
fraction results are almost as high as the measured downstream Antioch EC values. The simulated
response of the San Joaquin Delta volume segment EC during the high-flow period in March was
similar to the measured EC at the stations located in the San Joaquin portion of the Delta. The
reduction in EC values in the San Joaquin volume was slower than for the Sacramento volume
segment because of lower flows in the San Joaquin volume. The simulated increase in the San
Joaquin volume segment EC during summer with the 3 percent exchange coefficient was
considerably greater than the measured EC increase at Jersey Point. The simulated San Joaquin
River flows at Antioch (Figure II-66) may be too low (e.g., because the simulated DCC or Threemile
Slough flows are too low or the estimated channel depletion is too high). The tidal exchange from
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the confluence volume segment may be too large (e.g., exchange should be 2 percent rather than
3 percent). This discrepancy in the calibration of DeltaMOVE tidal exchange coefficients, which
results in too much salinity intrusion in the San Joaquin volume during low Delta outflow, is not
likely to change the assessment of Delta transport and entrainment for the CVPIA PEIS alternatives.

Figure II-72 shows the DeltaMOVE simulated EC in the South Delta volume segment for 1 percent,
3 percent, and 5 percent tidal exchange coefficients. The assumed initial EC for the South Delta
volume was about 0.75 mS/cm, and the three measured EC stations shown for comparison are
Jersey Point, Holland Tract, and Victoria Canal. The Holland Tract EC is assumed to represent the
average EC pattern of the South Delta volume. The comparison indicates that a 1 percent tidal
mixing exchange fraction results in simulated EC values that are too low. The 3 percent exchange
fraction gives simulated EC values that match the Holland Tract EC measurements reasonably well.
The 5 percent exchange fraction results are almost as high as the measured downstream Jersey Point
EC values. The simulated response of the South Delta volume segment EC during the high-flow
period in March was similar to the measured EC at the stations located in the south Delta. The
simulated increase in the South Delta volume segment EC during summer with the 3 percent
exchange coefficient was considerably greater than the measured EC increase at Holland Tract. The
simulated San Joaquin River flows at Antioch may be too small or the tidal exchange coefficients
may be too large (e.g., exchange fraction should be 2 percent rather than 3 percent). This
discrepancy in the calibration of DeltaMOVE tidal exchange coefficients, which results in too much
salinity intrusion in the South Delta volume segment during low Delta outflow, is not likely to
change the assessment of Delta transport and entrainment of the CVPIA alternatives.

The DeltaMOVE model was calibrated using the EC patterns measured during 1991, and a constant
tidal exchange fraction of 3 percent between all model volume segments was selected as a
reasonable value for the CVPIA PEIS alternatives. The DeltaMOVE model was used to estimate
entrainment from Delta exports and agricultural diversions for the monthly flow conditions
simulated by the PROSIM model. The DeltaMOVE model results integrate the flow and export
conditions and provide an overall assessment of the movement of organisms vulnerable to
entrainment.
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Chapter III

APPLICATION TO THE PEIS

The water quality procedures discussed in Chapter II generated data that were used in the Fisheries,
Vegetation and Wildlife, and Recreation technical appendices.

RESERVOIR GEOMETRY

Reservoir storage values for the Sacramento River Region were simulated using PROSIM, and
reservoir storage values for the San Joaquin River Region were simulated using SANJASM. These
values were used in conjunction with the reservoir geometry tables to generate monthly surface
elevations, surface areas, and surface areas of varying depths of water (surface area of water less than
1 foot deep, 1-15 feet deep, and more than 15 feet deep). These reservoir data provide the
framework for reservoir habitat calculations, including estimates of lake-level fluctuation and habitat
area for fish spawning, habitat area for shoreline wildlife, and summer lake levels for recreation
assessment.

RIVER GEOMETRY

River flow data from PROSIM and SANJASM were used along with selected river geometry
equations (described in Chapter II) to estimate fiver stage and width. The river geometry equations
were derived from data collected by the USGS. Many of the PROSIM and SANJASM nodes are
located near USGS stations (Table III-1). For model nodes with no matching USGS station, river
geometry was estimated using equations for other locations on the same river. The width equations
were used in the model for chinook and steelhead incubation. Width and stage values were used in
the vegetation analysis.

TEMPERATURE

River flow and-reservoir storage data generated by PROSIM and SANJASM were used as input to
the Reclamation temperature models. The temperature model results were used in the fisheries
analyses pr~ented in the Fisheries Technical Appendix.

ELECTRICAL CONDUCTIVITY IN THE DELTA

Delta outflow estimated by PROSIM was used in conjunction with the procedures described in
Chapter II to estimate EC values for Benicia, Port Chicago, Chipps Island, Collinsville, Antioch,
and Jersey Point. These data were used in generating results for the Vegetation and Wildlife
Technical Appendix.
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TABLE II1-1

LOCATIONS oF USGS DATA SOURCES USED IN CREATING RIVER GEOMETRY
EQUATIONS FOR SELECTED PROSIM AND SANJASM NODES

PROSIM or SANJASM Node Location Location of USGS Station

Sacramento River below Red Bluff Diversion Dam Sacramento River above Bend Bridge

Sacramento River at Verona Sacramento River at Verona

Feather River near mouth Feather River near Gddley

American River at Nimbus Dam American River at Fair Oaks

San Joaquin River at Newman San Joaquin River at Newman

San Joaquin River at Vernalis San Joaquin River at Vernalis

DELTA CHANNEL FLOW CALCULATIONS

PROSIM was used to simulate Delta inflow and outflow, the total DCC and Georgiana Slough flow,
and the QWEST flow parameter. The Delta channel depletion is estimated as a part of the
consumptive use/depletion analysis calculations and is input as a time series for PROSIM
simulations. Other Delta flows were estimated using the equations described in Chapter II. These
include Old River diversion flow from the San Joaquin River, Sacramento River flow at Rio Vis .ta,
Yhreemile Slough flow from the Sacramento River to the San Joaquin River, San Joaquin River flow
at Antioch, Montezuma Slough flow from the Sacramento River to Suisun Marsh, and Old and
Middle river channel flow between the export pumps and Bacon Island. Flows within the Delta were
used for estimating entrainment of water and planktonic particles from the Delta and were used in
several fisheries models.

DELTA ENTRAINMENT (DELTAMOVE MODEL)

For the CVPIA PEIS, the DeltaMOVE model estimates the monthly percentage of entrainment of
water starting in eight Delta regions. Delta channel flows are input to the DeltaMOVE model in the
fisheries assessment of Delta conditions.
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Chapter I

METHODOLOGY USED IN THE VEGETATION AND WILDLIFE
TECHNICAL APPENDIX

INTRODUCTION

This technical appendix describes the analysis methods used in the Vegetation and Wildlife
Technical Appendix to assess the impacts on vegetation and wildlife that could result from
changes in land uses, agricultural practices, and operation of Central Valley Project (CVP)
facilities and other water delivery systems. The impact analysis focuses on changes in habitat
rather than changes in population sizes of individual species. Population sizes are not evaluated
because they can be affected by factors beyond the control of the CVP, such as the condition of
waterfowl breeding habitat in Canada, and because consistent population models were not
available for all species in all affected areas.

The analysis in the Vegetation and Wildlife Technical Appendix assesses the ".mapacts of
implementing the CVPIA on three major resource areas:

¯ habitats
¯ special-status species
¯ waterfowl and shorebirds

Three general categories of habitats are considered: natural terrestrial and agricultural habitats,
wetland and riparian habitats, and river and reservoir habitats. Each of these general categories
includes many individual habitat types (e.g., grassland and valley foothill hardwood; seasonal and
permanent wetland; and open water, deep water, and shallow water). The value of individual
natural habitats is not ranked because each supports its own assemblage of species, many of which
are special-status species. In general, natural habitats provide more value to wildlife than
agricultural habitats. Agricultural habitats are ranked in order of their importance to wildlife. The
ranking is based on the structural characteristics of the crops and frequency of disturbance.

Data from existing models are used to evaluate general relationships and trends rather than
detailed cause-and-effect relationships. Whenever possible, quantitative evaluations are used for
the Central Valley; qualitative evaluations are used for the other geographic areas. Assumptions
are clearly stated when they are used to simplify and focus the analysis.

Impacts on species proposed for listing and listed as threatened or endangered are evaluated
individually, using the available habitat data. Impacts on common species and special-status
species not listed under the state and federal endangered species acts are discussed in terms of
~uilds (e.g., grassland species, chaparral species, and vernal pool species). A separate impact
evaluation has been prepared for waterfowl and shorebirds.
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Draft PE[S Methodology Used in the Vegetation
and Wildlife Technical Appendix

IMPACT MECHANISMS

The following impact mechanisms are considered in the evaluation of impacts on vegetation and
wildlife:

¯ (b)(1) "other" program;

¯ conversion of natural vegetation to other uses (e.g., agricultural, urban, or
industrial/commercial uses);

¯ changes in crop patterns;

¯ retirement of agricultural lands to conserve water, improve the quality of agricultural
wastewater, or provide new habitat for restoration of common or rare natural habitats or
species;

¯ fallowing of agricultural landsthat could provide new habitat for restoration of common or
rare natural habitats or species;

¯ changes in water deliveries to wildlife refuges that may affect the amount of wetland and
upland habitats supported by these refuges;

¯ changes in field flooding to provide additional waterfowl habitat;

¯ reservoir operations that affect reservoir water levels and downstream river flows;

¯ changes in river hydrology that affect the maintenance and regeneration of riparian
vegetation;

¯ proposed habitat restoration and enhancement measures for fisheries that include riparian
habitat improvements;

¯ long-term changes in reservoir levels that could change riparian vegetation recovery on
tributary streams; and

¯ changes in pesticide use related to changes in the number of acres of agricultural production.

DETERMINING IMPACTS ON HABITATS

IMPACTS ON NATURAL TERRESTRIAL AND AGRICULTURAL HABITATS

Implementation of the Central Valley Project Improvement Act (CVPIA) could result in land use
changes that would directly or indirectly affect the acreage and condition of natural terrestrial and
agricultural habitats. This analysis considers existing natural and agricultural habitats, lands
fallowed and retired from agricultural production, and the use of pesticides.
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Draft PEIS Methodology Used in the Vegetation
and Wildlife Technical Appendix

Changes in Acreage of Natural Terrestrial and Agricultural Habitats

The number of acres of natural terrestrial and agricultural habitat types in each study region was
obtained from the Central Valley Production Model (CVPM), which provides the number of
acres of irrigated and non-irrigated land expected under each alternative. Irrigated lands were
identified by six major crop types: irrigated pasture, orchard and vineyard, row crops, grain, rice,
and cotton. Non-irrigated lands include dry pastures and natural vegetation. Because the focus
for evaluation of non-irrigated land is in the Central Valley, non-irrigated lands were assumed to
be represented by grasslands or valley foothill hardwoods, the dominant natural vegetation in the
Central Valley.

Retirement of Drainage Lands

The federal and state governments are authorized to purchase land from willing sellers to
conserve water or improve the quality of an irrigation district’s agricultural wastewater. It is
assumed that 45,000 acres of land would be acquired under the No-Action Alternative and that
an additional 30,000 acres of land would be acquired under each of the action alternatives. The
exact locations and information regarding management of these lands were not determined for
this analysis because willing sellers and specific acquisition and management scenarios have not
been identified. Instead, two general acquisition scenarios, described in the following
paragraphs, are evaluated.

All land that would be retired for water acquisition or improving the quality of drainage water
would be reseeded with grasses. The amount and quality of wildlife habitat created under this
scenario is described based on the type of agricultural land uses being retired.

A separate analysis, Alternative 1 h, was prepared for land that would be retired for water
acquisition, improving the quality of drainage water, and restoring wildlife habitat. Retired lands
would be restored to naturalized grasslands and alkali desert scrub. The amount of land restored
for wildlife habitat would be based on the size of the restoration fund. When restoration funds
are limited, habitat restoration would emphasize habitat for special-status plant and wildlife
species. With sufficient funding available, habitat restoration would emphasize special-status
species and natural diversity goals.

Opportunities for restoration of habitat were evaluated through review of maps of soil resources
(U.S. Soil Conservation Service, 1993) and historical and recent vegetation maps (Griggs et al.,
1992; CALVEG), the distribution of sensitive natural areas (SNAs), and the distribution of
special-status plant and wildlife species (Williams, 1992) in the study area.

Lands Fallowed to Obtain Water

Under Alternatives 2, 3, and 4, agricultural lands would be fallowed so water could be obtained
to meet fish flow targets. The number of acres of land fallowed (by crop type) in each of 21
subregions is provided by the CVPM model. Unlike the retirement of drainage lands, no
decisions have yet been made regarding the post-retirement management of fallowed lands.
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Draft PEltS Methodology Used in the Vegetation
and Wildlife Technical Appendix

Further, the water would be obtained from willing sellers, so it is not possible at this time to
accurately identify the location of fallowed lands or describe specific oppommities for restoration
of these lands. Therefore, the following assumptions are used in the analysis:

¯ When small amounts of.land are fallowed (less than 100,000 acres in a region), all the land
will remain in private ownership and will be grazed or used for some other form of non-
irrigated agriculture. The lands will be disked annually to discourage occupancy by special-
status species. These parcels will be small and isolated, providing limited value for wildlife.

¯ When intermediate amounts of land are fallowed (between 100,000 and 300,000 acres), the
government may obtain conservation easements on 15 percent of the parcels because some
of the parcels may be adjacent to refuges or SNAs or will be sufficiently large to provide
high-quality value as potential habitat for species including special-status species. All parcels
will remain in private ownership, and conservation easements will be used to restore natural
vegetation and provide wildlife habitat. The remaining 85 percent of the parcels will be
owned and managed as described under the first assumption above.

¯ When large amounts of land are fallowed (more than 300,000 acres), 45 percent of the
fallowed land will be managed for wildlife habitat. All parcels will remain in private
ownership, and conservation easements will be used to provide wildlife habitat. The
remaining 55 percent of the parcels will be owned and managed as described under the first
assumption above.

Because the specific locations of fallowed lands cannot yet be identified, specific restoration
objectives cannot be established. It is assumed that restoration would focus on riparian,
grassland, or valley foothill hardwood, which are common habitats in the Central Valley. The
acreages expected to be restored are reported by region.

Influence of Pesticides on Natural Terrestrial Habitats

The effects of changes in pesticide use are assessed qualitatively, based on changes in the number
of acres of land in agricultural production under each alternative, as provided by the CVPM
model.

IMPACTS ON RIPARIAN AND WETLAND HABITATS

Implementation of the CVPIA would cause changes in reservoir operations and river hydrology
that would affect the extent and condition of riparian and wetland vegetation in the Central
Valley. Changes in land use could affect farmed wetlands (the methodology for assessing
impacts on farmed wetlands is described in "Determining Impacts on Waterfowl and Shorebirds"
under "Agricultural Lands and Practices"). This section addresses changes in the vegetative
component of these habitats. Changes in the aquatic component are discussed under "Impacts on
River and Reservoir Aquatic Habitats".
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Draft PEIS Methodology Used in the Vegetation
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Riparian Communities

The extent and condition of riparian communities and wetlands in the riparian zone are assessed
using simulated fiver stages at locations considered representative of rivers or fiver reaches in the
study area (Tables I-1 through I-6). Simulated flows were converted to stages (depths in feet)
using non-linear regression equations as described in the Fish Habitat Water Quality
Methodology/Modeling Technical Appendix. Average monthly stages for average, dry, and wet
years are evaluated.

Impacts on the extent and condition of riparian plant species are assessed by determining the
percentage change in stage during months when the fiver stage affects habitat requirements for
the primary life-cycle phases of riparian plant species (see the following paragraphs for a
description of life-cycle phases). Stages under Alternatives 1 through 4 are compared with the
stages under the No-Action Alternative. Mitigation is recommended whenever stages deviate
more than 20 percent from the No-Action Alternative for a particular year type, and the direction
of deviation could be detrimental (e.g., flows that are too low in summer during dry years). See
Tables I-1 through I-6 for percentage change values.

The primary life-cycle phases are regeneration, vegetative growth, and survival. The
regeneration phase includes dispersal of propagules (seeds), germination, establishment, and
seedling survival. Successful regeneration depends on the timing and duration of fluvial events,
water-holding capacity and nutrient content of the substrate, and relative elevation of the
substrate surface with respect to the low-flow channel. As floodwaters recede in spring, seed and
fine sediments are deposited, and seeds of willows, Fremont cottonwood; and western sycamore
germinate. Spring flows at levels that allow this process to occur are essential for the
regeneration of most riparian tree and shrub species.

Vegetative growth of woody riparian species can be very rapid. Riparian tree and shrub species
establish at different elevations in the floodplain that are characterized by different substrates and
varying frequency, duration, and depth of inundation. After germination, the roots of riparian
seedlings grow to follow the water table down as fiver waters recede. Extended flows into
summer are advantageous for most riparian species, providing for a more gradual subsidence of
groundwater.

The survival phase is also affected by water flows. Extended high flows during the growing
season, especially during the warmest portion of the year, may lead to mortality in species that
are not flood tolerant (e.g., white alder and bigleaf maple). Inundation results in anoxic
conditions (the absence of oxygen in the root zone) that cause mortality under high temperatures
because the roots cannot take up sufficient water to compensate for the water loss caused by
transpiration.

Floodflows (events at an interval of 50 years or longer) play a very important role in the
dynamics of riparian communities. These flood events remove old riparian vegetation and create
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TABLE I-1A

SIMULATED AVERAGE MONTHLY RIVER STAGE (IN FEET)
FOR ALL ALTERNATIVES:

SACRAMENTO RIVER BELOW RED BLUFF (PROSIM Node 5)

Average of All Years                             Sep.Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug.
No Action 4.6 5.7 7.4 8.1 9.1 7.8 6.2 5.4 5,4 6.3 5.6

4.6    4.5AIt 1 4.6 5.6 7.3 8.2 9.2 8.0 6.1 5.1 5.2 5.7 5.6 4.5
AIt 2 4.6 5.6 7.3 8.2 9,2 8.0 6.1 5.1 5.2 5.7 5.5 4.5
AIt 3 4.6 5.6 7.3 8.2 9.2 8.0 6.1 5.1 5.2 5.7 5.5
AIt 4 4.6 5.6 7,3 8.2 9.2 8.0 6.1 5.1 5.2 5.7 5,5 4,5

Average of Wet Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep

No Action 5.0 5.9 9.5 13.7 10.6 8.6 6.6 6.5 6.4 6.8 6.0 4.6
AIt 1 4.8 6.0 9.4 13,8 10.4 8.9 6.2 6.5 6,2 6.5 6.1 4.4
AIt2 4.9 6.0 9.4 13.8 10.4 8.9 6.2 6.4 6.2 6.5 6.1 4.3
AIt 3 4.9 6.0 9.4 13.8 10.4 8.9 6.2 6.4 6.2 6.5 6.1 4.3
AIt 4 4.9 6.0 9.4 13.8 10.4 8.9 6.3 6.4 6.2 6.5 6.1 4.3

Average of Dry Years                             Sep.Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug.
No Action 4.0 4.4 5.2 5.2 5.4 5.8 4.9 4.5 4.8 5.5 5.2 4.3

AIt 1 4.0 4.2 5.3 5.3 5.5 5.8 4.9 4.5 4.9 5.3 5.0 4.5
AIt 2 4.1 4.2 5.3 5,3 5.5 5.8 4.9 4.4 4.8 5.3 4.9 4.5
AIt 3 4.1 4.3 5.3 5.3 5.5 5.8 4.9 4.4 4.8 5.2 4.9 4 5
AIt 4 4.0 4.3 5.3 5.3 5.5 5.8 4.9 4.4 4.7 5.2 4.9 4.5

TABLEI-1B

PERCENT DIFFERENCES IN AVERAGE MONTHLY RIVER STAGE
BETWEEN ALTERNATIVES 1-4 AND THE NO-ACTION ALTERNATIVE:

SACRAMENTO RIVER BELOW RED BLUFF (PROSIM Node 5)

Average of All Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep

AIt 1           1     -1     -2     2     1      3     -2     -5     -3     -9     -0     -3
AIt 2            1      -1      -2      2      1      3     -2     -5     -4    -10     -0     -3
AIt 3            1      -1      -2      2      1      3     -2     -5     -4    -10     -0     -3
Aft 4            1      -1      -2      2      1      3     -2     -5     -5    -10     -0     -3

Average of Wet Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep.

AIt 1           -4      1      -1      1      -2      3     -6     -1      -2     -5      2     -6
AIt 2           -4      1      -1      1      -2      3     -6     -1      -3     -5      2     -6
AIt 3           -3      1      -1      1      -2      3     -6     -1      -3     -5      2     -6
AIt 4           -4      1      -1      1      -2      3     -5     -1      -3     -5      2     -6

Average of Dry Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep~

AIt I          1     -3     0     1     2    -0     1     -1     3    -4    -4
AIt 2            1      -3      0      1      2     -0      1      -1      1      -4     -5
AIt 3            1      -2      1      2      2      0      0     -2      0     -5     -6
Air 4            1      -2      1      2      2      0     -0     -1      -2     -6     -6      3
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TABLE I-2A

SIMULATED AVERAGE MONTHLY RIVER STAGE (IN FEET)
FOR ALL ALTERNATIVES:

SACRAMENTO RIVER AT VERONA (PROSIM Node 13)

Average of All Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr, May June July Aug. Sep

No Action 8.1 9.9 13.7 15.8 18.1 16.4 13,0 11.0 9.6 9.9 9.5 9.5
AIt I 8.1 9.7 13.5 15.8 18.2 16.6 12.9 10.7 9.4 9.3 9.6 9.5
Ait2 8.1 9.7 13.5 15.8 18.2 16.6 12.9 10.7 9.4 9.3 9.6 9.5
AIt 3 8.1 9.8 13.5 15.9 18.2 16.6 12.8 10.7 9.4 9.4 9.7 9.5
AIt 4 8.1 9.7 13.6 15.9 18.1 16.6 12.9 10.7 9.5 9.4 9.7 9.5

Average of Wet Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep

No Action 8.9 10.3 17.8 21.8 23.5 19.9 14.0 14.1 12,6 11.6 10.8 10.4
AIt 1 8.5 10.3 17.7 21.9 23.4 20.0 13.6 14.1 12.4 11.1 11.0 10.2
AIt2 8.5 10.3 17.7 21.9 23.4 20.0 13.6 14.1 12.4 11.1 11.0 10.2
Alt3 8.5 10.4 17.8 21.9 23.3 20.1 13.4 14.0 12.4 11.0 10.9 10.1
AIt4 8.5 10.2 17.8 21.8 23.2 20.2 13.6 14.2 12.6 10.7 11.1 10.1

Average of Dry Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July. Aug. Sep.

No Action 6.6 7.2 9.9 11.8 10.7 12.1 8.4 7.3 7.1 7.4 7.4 8.1
AIt I 6.5 6.9 9.9 11.7 10.6 12.1 8.4 7.2 7.2 7.5 7.2 8.3
AIt 2 6.5 6.9 9.9 11.7 10.6 12.1 8.4 7.2 7.1 7.5 7.2 8.4
AIt 3 6.6 7.0 9.9 11.6 10.6 12.1 8.2 7.1 6.9 7.7 7.4 8.6
AIt4 6.7 7.1 10.0 11.8 10.6 12.1 8.4 7.2 7.0 7.2 7.2 8.0

TABLE I-2B

PERCENT DIFFERENCES IN AVERAGE MONTHLY RIVER STAGE
BETWEEN ALTERNATIVES 1-4 AND THE NO-ACTION ALTERNATIVE:

SACRAMENTO RIVER AT VERONA (PROSIM Node 13)

Average of All Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep.

AIt 1 -1 -1 -1 0 1 1 -1 -2 -2 -6 1 0
AIt 2 -1 -2 -1 0 1 1 -1 -2 -3 -6 1 0
AIt 3 0 -1 -1 0 1 1 -2 -3 -2 -5 2 0
Alt 4 -1 -2 -1 0 0 1 -1 -2 -1 -5 2 -0

Average of Wet Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep.

AIt 1 -4 -0 -1 0 -1 1 -3 -0 -2 -4 1 -2
AIt 2 -4 -1 -1 0 -0 1 -3 -0 -1 -4 2 -2
Ait 3 -5 0 -0 0 -1 1 -5 -1 -1 -5 1 -4
AIt 4 -5 -1 -0 0 -1 2 -3 0 -0 -9 2 -3

Average of Dry Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep,

AIt I -1 -4 0 -1 -0 0 -1 -2 1 1 -3 3
AIt 2 -1 -4 0 -1 -1 -0 -0 -2 -1 0 -3 4
AIt 3 1 -2 1 -1 -1 -0 -3 -3 -3 3 -0 6
AIt 4 2 -1 2 0 -0 0 -1 -2 -1 -4 -3 -1

Vegetation and Wildlife M/M I-7 September 1997

C--0841 29
(3-084129



Draft PEIS Methodology Used in the Vegetation
and Wildlife Technical Appendix

TABLE I-3A

SIMULATED AVERAGE MONTHLY RIVER STAGE (IN FEET)
FOR ALL ALTERNATIVES:

MOUTH OF THE FEATHER RIVER (PROSIM Node 12)

Average of All Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep,

No Action 3.0 3.3 4.6 6.1 6.9 6.9 5.5 4.6 4.4 4.3 4.1 4.2
AIt 1 3.0 3.2 4.6 6.0 6.8 6.9 5.4 4.6 4.4 4.4 4.3 4.3
AIt 2 3.0 3.2 4.6 6.0 6.8 6.9 5.4 4.6 4.4 4,4 4.3 4.3
Air 3 3.1 3.3 4.6 6.1 6.9 6.9 5.4 4.6 4.5 4.5 4.4 4.4
AIt 4 3.0 3.2 4.7 6.0 6.8 6.9 5.5 4,7 4.5 4.5 4.4 4.3

Average of Wet Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep,

No Action 3,2 2.9 5.9 9.2 10.2 8.1 5.7 5.9 5.5 4,9 4.4 4.5
AIt 1 3.1 2,9 5.9 9.1 10.2 8,1 5.7 5.9 5.5 4,8 4.5 4.6
AIt 2 3.1 2.9 5.9 9.1 10.2 8.1 5.7 5.9 5.5 4,8 4.5 4.6
AIt 3 3.1 2.8 5.9 9.1 10.1 8.2 5.6 5.8 5.6 4.8 4,5 4.6
AIt 4 3.2 2.8 5.9 9.1 10.0 8.5 5.7 6.0 5.6 4.5 4.6 4.6

Average of Dry Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep,

No Action 2.6 2.3 2.7 4.8 3.1 4.8 3.7 2.9 3.3 3,2 2.8 3.7
AIt 1 2.5 2.2 2.7 4.7 3.0 4.7 3.6 2.9 3.3 3,6 3.0 3.8
AIt 2 2.5 2.2 2.7 4.7 3.0 4.7 3.6 2.9 3.2 3,5 3.0 3.8
Air 3 2.7 2.4 2.8 4.7 3.0 4.8 3.7 2.8 3.2 3,6 3.2 4.0
AIt 4 2.7 2.4 2.9 4.8 ¯ 3.0 4.8 3.7 3.1 3.3 3,2 3.0 3.6

TABLE I-3B

PERCENT DIFFERENCES IN AVERAGE MONTHLY RIVER STAGE
BETWEEN ALTERNATIVES 1-4 AND THE NO-ACTION ALTERNATIVE:

MOUTH OF THE FEATHER RIVER (PROSIM Node 12)

Average of All Yea~"
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug, Sep.

AIt 1 0 -1 -1 -2 -2 -0 -0 1 1 2 3 4
AIt 2 0 -1 -0 -2 -1 -0 -0 1 0 2 3 4
AIt 3 2 0 -1 -1 0 0 -1 0 3 5 5 5
AIt 4 1 -1 1 -1 -2 -0 -0 3 4 3 5 4

Average of Wet Years
OCt. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep.

AIt 1 -3 0 0 -1 -0 -0 -0 -0 0 -1 2 1
AIt 2 -3 0 0 -1 0 -0 -0 -0 0 -1 2 1
AIt 3 -2 -2 0 -1 -1 1 -2 -1 2 -2 1 1
AIt 4 1 -2 0 -1 -2 4 1 2 3 -10 3 1

Average of Dry Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep.

AIt 1 -0 -3 1 -3 -3 -0 -2 -2 -1 10 6 5
AIt 2 -0 -3 2 -3 -3 -0 -2 -2 -3 9 6 5
AIt 3 4 2 2 -3 -3 1 -0 -3 -3 11 12 11
AIt 4 5 6 6 -1 o3 -0 0 5 -1 0 6 -1
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TABLE I-4A

SIMULATED AVERAGE MONTHLY RIVER STAGE (IN FEET)
FOR ALL ALTERNATIVES:

AMERICAN RIVER AT NATOMA (PROSIM Node 14)

Average of All Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep.

No Action 3.5 3.7 4.2 4.6 4.8 4.8 4.6 4.5 5.0 4.4 4.3 4.0
Air 1 3,8 4.1 4.6 4.9 5.1 4.9 4.5 4.5 4.7 4.0 3.9 3.7
AIt 2 3.8 4.1 4.6 4.9 5.1 4.9 4.5 4.5 4.7 4.0 3.9 3.7
Alt 3 3.8 4.1 4.6 4.9 5.1 4.9 4.5 4.4 4.7 4.0 3.9 3.8
AIt 4 3.8 4.1 4.6 4.9 5.1 4.9 4.5 4.5 4.7 4.0 3.9 3.7

Average of Wet Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep.

No Action 3.5 3.5 4.3 7.0 5.7 5.2 4.5 4.9 5.7 4.4 4.8 4.4
Alt 1 3.8 4.2 4.8 6.9 5.6 5.3 4.7 5.1 5.4 4.2 4.4 4.2
AIt 2 3.8 4.2 4.8 6.9 5.6 5.3 4.7 5.1 5.4 4.2 4.4 4.2
AIt 3 3.8 4.2 4.8 6.9 5.6 5.3 4.7 5.1 5.4 4.2 4.4 4.2
AIt 4 3.8 4.0 4.7 7.1 5.6 5.3 4.7 5.1 5.4 4.2 4.4 4.2

Average of Dry Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep.

No Action 3.2 3.3 3.2 3.1 3.1 4.1 3.8 3.5 4.5 4.0 3.6 3.4
AIt I 3.6 3.7 3.7 3.6 3.8 4.1 3.5 3.5 3.8 3.5 3.3 2.9
AIt 2 3.6 3.7 3.7 3.6 3.8 4.1 3.5 3.5 3.8 3.5 3.3 2.9
Alt 3 3.6 3.7 3.6 3.5 3.9 4.2 3.5 3.5 3.8 3.5 3.3 3.0
AIt 4 3.6 3.7 3.7 3.6 3.8 4.1 3.5 3.5 3.8 3.5 3.4 3.0

TABLE I-4B

PERCENT DIFFERENCES IN AVERAGE MONTHLY RIVER STAGE
BETWEEN ALTERNATIVES 1-4 AND THE NO-ACTION ALTERNATIVE:

AMERICAN RIVER AT NATOMA (PROSIM Node 14)

Average of All Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep.

AIt I 8 12 10 6 6 3 -1 -1 -6 -9 -10 -9
AIt2 8 12 10 6 6 3 -1 -1 -6 -9 -11 -9
AIt 3 8 11 10 6 6 3 -1 -2 -6 -10 -10 -7
AIt 4 8 11 10 7 6 3 -1 -1 -5 -9 -11 -9

Average of Wet Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep.

AIt 1 9 15 9 -1 -1 1 3 4 -5 -5 -9 -5
AIt 2 9 15 9 -1 -1 1 3 4 -5 -5 -9 -5
AIt 3 9 15 9 -1 -1 1 3 4 -5 -5 -9 -5
AIt 4 9 11 7 1 -1 1 3 4 -5 -5 -9 -5

Average of Dry Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep.

AIt 1 10 13 15 18 24 1 -9 -0 -15 -14 -6 -14
AIt 2 10 13 15 18 24 1 -9 -0 -15 -14 -6 -15
AIt 3 9 11 12 14 27 2 -9 -0 -15 -14 -7 -14
AIt 4 10 13 15 18 24 1 -9 -1 -15 -14 -6 -14
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TABLE I-5A

SIMULATED AVERAGE MONTHLY RIVER STAGE (IN FEET)
FOR ALL ALTERNATIVES:

SAN JOAQUIN RIVER ABOVE MERCED (SANJASM Node 37)

Average of All Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

No Action 4.3 4.6 4.6 5.6 6.9 6.8 6.1 6.3 5.4 4.9 4.6 4.3
AIt I 3.9 4.6 4.6 5.6 6.8 7.1 5.9 6.1 5.2 4.8 4.5 4.1!
AIt 2 4.0 4.5 4.6 5.6 6.8 7.1 6.0 6.0 5.2 4.8 4.5 4.11
AIt 3 3.9 4.6 4.6 5.6 6.8 7.1 5.9 6,1 5.2 4.8 4.5 4.1
AIt 4 3.9 4.6 4.6 5.6 6.8 7.1 5.9 6.1 5.2 4.8 4.5 4.1

Avgerage of Wet Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

No Action 4.5 4.8 4.6 7.5 8.5 7.8 8.4 9.5 7.2 6.6 4.7 4.4
AIt I 4.1 4.8 4.5 7.4 8.4 8.0 8.2 9.3 7.0 6.6 4.6 4.2
AIt 2 4.2 4.8 4.5 7.4 8.4 8.1 8.3 9.2 7.0 6.6 4.6 4.2
Art 3 4.1 4.8 4.5 7.4 8.4 8.0 8.2 9.3 7.0 6.6 4.6 4.2
AIt 4 4.1 4.8 4.5 7.4 8.4 8.0 8.2 9.3 7.0 6.6 4.6 4.2

Average of Dry Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

No Action 3.8 3.8 3.8 4.1 5.2 5.0 4.2 4.1 4.2 4.3 4.2 3.9
AIt I 3.6 3.7 3.9 4.2 5.2 5.5 4.1 4.0 4.1 4.2 4.1 3.8
Aft 2 3.6 3.7 3.9 4.2 5.2 5.5 4.1 3.9 4.1 4.2 4.1 3.8
AIt 3 3.6 3.7 3.9 4.2 5.2 5.5 4.1 4.0 4.1 4.2 4.1 3.8
AIt 4 3.6 3.7 3.9 4.2 5.2 5.5 4.1 4.0 4.1 4.2 4.1 3.8

TABLE I-5B

PERCENT DIFFERENCES IN AVERAGE MONTHLY RIVER STAGE
BETWEEN ALTERNATIVES 1-4 AND THE NO-ACTION ALTERNATIVE:

SAN JOAQUIN RIVER ABOVE MERCED (SANJASM Node 37)

Average of All Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

AIt 1 -10 -1 -1 -1 -1 5 -3 -4 -4 -2 -3 -4
AIt 2 -9 -2 -0 -1 -1 6 -3 -5 -3 -2 -3 -4
AIt 3 -10 -1 -1 -1 -1 5 -3 -4 -4 -2 -3 -4
AIt 4 -10 -1 -1 -1 -1 5 -3 -4 -4 -2 -3 -4

Average of Wet Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

Air 1 -10 0 -2 -1 -1 3 -2 -3 -4 -1 -4
AIt 2 -9 -0 -1 -1 -1 4 -1 -3 -4 -1 -4 -6
AIt 3 -10 0 -2 -1 -1 3 -2 -3 -4 -1 -4 -6
AIt 4 -10 0 -2 -1 -1 3 -2 -3 -4 -1 -4 -6

Average of Dry Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

AIt 1 -7 -3 2 3 0 9 -3 -5 -2 -3 -3 -2
AIt 2 -6 -3 2 3 0 11 -3 -5 -2 -2 -3 -2
Air 3 -7 -3 2 3 0 9 -3 -5 -2 -3 -3 -2
AIt 4 -7 -3 2 3 0 9 -3 -5 -2 -3 -3 -2
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TABLE I-6A

SIMULATED AVERAGE MONTHLY RIVER STAGE (IN FEET)
FOR ALL ALTERNATIVES:

SAN JOAQUIN RIVER AT VERNALIS (SANJASM Node 125)

Average of All Years
Oct, Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep

No Action 5.6 6.5 6.7 7.8 9,6 9.7 9.0 8.2 7.3 6.3 5.8 5.5
AIt I 5.5 6.5 6.7 7.8 9,5 9.8 9.1 8.2 7.3 6.1 5.6 5.3
AIt 2 5.7 6.5 6.8 7.8 9.6 9.9 9.8 9.2 7.6 6.2 5.6 5.4
AIt 3 6.3 6.9 7.3 8.2 9.8 10.1 11.4 10.6 7.4 6.6 6.1 6.2
AIt 4 6.3 6.9 7.3 8.2 9.8 10.1 11.4 10.6 7.4 6.6 6.1 6.2

Average of Wet Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep

No Action 6.1 6.7 6.8 10.8 11.7 11.7 12.0 11.5 9.6 8.5 6.8 6.4
AIt 1 5.9 6.8 6.8 10.8 11.7 11.7 11.6 11.3 9.6 8.4 6.5 6.0
AIt 2 6.0 6.7 6.9 10.7 11 o8 11.7 12.5 11.9 9.8 8.5 6.6 6.1
AIt3 6.6 7.0 7.3 10.5 12.1 11.9 13.6 13.3 9.9 8.8 7.3 6.9
AIt 4 6.6 7.0 7.3 10.5 12.1 11.9 13.6 13.3 9.9 8.8 7.3 6.9

Average of Dry Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep

No Action 4.9 5.5 5.4 5.5 6.6 6.7 6.1 5.1 4.9 4.8 4.5 4.2
AIt I 4.7 5.4 5.5 5.7 6.7 6.9 6.1 5.2 4.7 4,6 4.1 4.0
AIt 2 5.4 5.4 5.5 5.7 6.7 7.0 6.9 6.6 5.1 4,8 4.2 4.1
Air 3 5.7 6.0 6.4 6.3 7.2 7.1 8.7 7.7 5.1 5,2 4.8 4.8
AIt 4 5.7 6.0 6.4 6.3 7.2 7.1 8.7 7.7 5.1 5,2 4.8 4.8

TABLEI-6B

PERCENT DIFFERENCES IN AVERAGE MONTHLY RIVER STAGE
BETWEEN ALTERNATIVES 1-4 AND THE NO-ACTION ALTERNATIVE:

SAN JOAQUIN RIVER AT VERNALIS (SANJASM Node 125)

Average of All Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep

AIt I -3 -1 -0 0 -1 1 0 0 o0 -3 -4 -4
AIt 2 2 -1 1 1 -0 2 8 12 4 -0 -3 -3
AIt 3 12 6 9 5 3 4 26 29 1 5 6 11
AIt 4 12 6 9 5 3 4 26 29 1 5 6 11

Average of Wet Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep

AIt I -2 1 -1 -0 -0 -0 -3 -2 -0 -2 -4 -6
AIt 2 -1 0 2 -1 0 1 4 3 1 -1 -2 -5
Aft 3 8 4 6 -3 3 2 12 13 3 3 7 7
AIt 4 8 4 6 -3 3 2 12 13 3 3 7 7

Average of Dry Years
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep

Att 1 -3 -1 2 3 1 3 1 1 -4 -3 -8 -3
Air 2 10 -1 2 3 2 4 13 28 3 -0 -6 -2
AIt 3 17 10 18 14 8 6 43 49 3 8 7 15
AIt4 17 10 18 14 8 6 43 49 3 8 7 15!

J
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new alluvium for germination. The regeneration of certain species, for example western
sycamore, is strongly dependent on these infrequent flood events. However, because the
PROSIM and SANJASM models predict average monthly flows, the magnitude of flows resulting
from individual flood events was not predicted. The assessment of impacts on riparian
communities assumes that extreme floodflows would not differ among the alternatives.

The effects of flows are assessed in the context of the floodplain morphology (e.g., the distance
between levees, which is relatively small in the lower Sacramento River and in the Sacramento-
San Joaquin River Delta [Delta]). The analysis assumes that implementation of the CVPIA would
result in no measurable changes in the extent, frequency, or intensity of levee maintenance (e.g.,
vegetation removal or herbicide use) or bank protection practices (e.g., armoring of eroding
levees or banks).

Impacts on riparian communities in the Delta are assessed through analysis of combined stage
data from the lower Sacramento and lower San Joaquin rivers.

Extent of Riparian Habitat. The extent of riparian habitat in reservoir drawdown zones under
Alternatives 1 through 4 is compared with that under the No-Action Alternative by inference from
reservoir-level fluctuations at Folsom Lake. Data on the distribution and abundance of riparian
vegetation at all reservoirs in the project areas were not available. However, file data were
available on the distribution and abundance of willow scrub vegetation at Folsom Lake, so these
data were used to evaluate impacts on riparian vegetation. It was assumed that the response of all
other reservoirs would be similar to this example.

Only a qualitative assessment of changes in the extent of riparian habitat is possible. Detailed
quantitative analyses of CVPIA effects on this habitat is not possible because riparian systems in
the Central Valley are physically and biologically complex. Their ecophysiological responses to
hydrologic change are complex, poorly known, and highly variable between sites. Many years of
site-specific monitoring and research will be needed to develop quantitative models of riparian
response to changes in river hydrology.

Condition of Riparian Habitat. Changes in riparian habitat condition or quality are a
function of changes in species diversity, structural complexity, canopy cover, foliage density,
resistance of mature plants to stress and disease, amount and success of plant regeneration, and
other ecological factors. The same methods described previously for assessing changes in the
extent of riparian habitat are used to qualitatively estimate the effects of the action alternatives on
riparian habitat condition.

Riparian Vegetation Restoration and Enhancement for Fisheries. CVPIA restoration
and enhancement projects for fish habitat are included in each of the action alternatives and would
include activities such as restoration of spawning riffles, improvement of migratory paths,
enhancement of rearing habitat, isolation of predator habitats, and enhancement of riparian
vegetation.

Restoration actions have thus far been described only in very general terms. Therefore, this
assessment assumes that (1) riparian restoration would have a beneficial impact, but the
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magnitude of this effect cannot be assessed, and (2) riparian vegetation planting or enhancement
resulting from fish habitat restoration would benefit primarily streambank and low-terrace
vegetation, rather than high-terrace vegetation more distant from fish habitat.

Wetland Communities

Permanent wetlands include backwaters, sloughs, oxbows, tail water ponds, and similar habitats
along rivers and permanent marshes in inland sinks. Affected wetlands are expected mainly to be
wetlands in the riparian zones of rivers, which are affected by variations in river stage. The
simulated stage data used to assess effects on riparian communities are also used to assess effects
on wetlands. Drought (low summer stages) and inundation mortality (very high stages year
round) are considered to be the main impact mechanisms. The effects of changes in groundwater
pumping under each alternative on marshes in inland sinks are also assessed.

Changes in Groundwater Levels. The extent of seasonal wetlands may be affected by
changes in land use, flooding, or the availability of water. Federal laws and state policies and
mitigation requirements are assumed to minimize the loss of most of these wetlands resulting from
changes in land use. Changes in the extent of seasonal marshes are evaluated similarly to changes
in permanent marshes.

Changes in groundwater pumping .could have an effect on wetlands that are hydraulically linked to
the groundwater. In large areas of theCentral Valley this is no longer the case. Historical
groundwater development has generally lowered groundwater levels throughout the Central
Valley and altered the hydraulic connection between groundwater and surface water in wetland
areas. A slight lowering of groundwater levels tends to decrease the rate of groundwater
discharge into the wetland areas. This effectively decreases the availability of water for the
wetland. This is probably the existing condition in areas where groundwater still discharges into
surface streams, such as the upper Sacramento Valley and the San Joaquin Valley below the
Merced River.

With further lowering, the direction of seepage reverses, and surface water seeps out of the
wetland into the groundwater system. This condition is probably present throughout the lower
Sacramento Valley, where the Sacramento River has changed from a gaining to a losing river
since predevelopment times. With still further declines in water level, an unsaturated zone will
form above the water table, and the overlying wetland will be perched and disconnected from the
groundwater syster~ For example, an in-depth study of water levels and water quality near the
Mendota Pool on the San Joaquin River concluded that except in very wet years, the water table
beneath the pool is so low that there probably is no hydraulic connection with surface water in the
pool (Woodward Clyde Consultants, 1994). If the water table is hydraulically disconnected from
a wetland, the wetland is already losing water to seepage at the maximum rate, and further
increases in groundwater pumping would not increase the seepage rate.

Overall, it is not possible to conclude with existing information whether differences in
groundwater pumping among the CVPIA alternatives would affect wetland hydrology in the study
area. The magnitude of the effect would depend on local groundwater levels and soil
permeability. The effects could be quantitatively estimated at a screening level by evaluation of
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soil maps, geologic logs of wells, and groundwater level data collected by local water districts and
DWR.

Changes in Delta Salinity. In the lower reaches of the Delta, tidal influxes of saltwater from
San Francisco Bay create brackish and salt marsh habitats (Harvey et al., 1977; Atwater et al.,
1978; San Francisco Estuary Project, 1991). Dominant plant species in freshwater, brackish, and
salt marsh habitats have distinct ranges of tolerance to salinity (Odum et al., 1984). Changes in
the absolute concentration, seasonal timing, and duration of salinity can change the plant species
composition of a particular location over time. The effect of changes in river flows on salinity
levels in the Delta is also assessed. Instream salinity in the western Delta and eastern San
Francisco Bay estuary is compared with the tolerance ranges of wetland plant species to
determine whether shifts between salt marsh, brackish marsh, and freshwater marsh could occur.

Salinity tolerance ranges for individual plant species used for the comparisons are based on broad
ranges measured outside the study area (Odum et al., 1984). The primary assumption is that
these salinity tolerance ranges represent the species and include the ranges that could be measured
in the study area. Salinity concentrations calculated for a particular alternative that are outside the
range of a dominant plant species are used as an indication of a change in habitat conditions.
Three key dominant plant species of the study area, saltgrass (Distichlis spicata), tule or bulrush
(Scirpus robustus), and cattail (Typha angustifolia), are used to represent a gradient from high to
low salt tolerance, respectively.

Salinity changes are estimated for three locations: Benicia, Port Chicago, and Chipps Island.
These locations represent a relatively steep gradient in instream salinity under existing conditions
and are near the major salt and brackish marsh areas of Suisun Marsh and northern Contra Costa
County. Locations east of Chipps Island show little change in salinity among the alternatives.
The methods for salinity calculation are described in the Fish Habitat Water Quality
Methodology/Modeling Technical Appendix.

IMPACTS ON RIVER AND RESERVOIR AQUATIC HABITATS

River Habitat Condition

Many aquatic vertebrates that inhabit rivers and streams (e.g., river otter, belted kingfisher, and
osprey) rely on fish as an important prey species. Reoperation of CVP reservoirs could affect fish
populations in these rivers. The Fisheries Technical Appendix estimates the effects of CVPIA
implementation on fish production. These aquatic vertebrate populations are assumed to respond
in direct proportion to changes in fish abundance, which are provided qualitatively in the Fisheries
Technical Appendix.

Impacts on Vegetation at Reservoirs

The methods used for determining effects of CVPIA implementation on vegetation at reservoirs
are addressed under "Impacts .on Riparian and Wetland Habitats."
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Impacts on Wildlife at Reservoirs

Changes in reservoir operations can affect the availability of prey, such as fish. Qualitative
information from the Fisheries Technical Appendix is used to evaluate the availability of this prey
base.

Changes in the amount of shallow, deep, and open water habitat at reservoirs are also used to
evaluate changes in reservoir habitat quality. These habitat depths are defined as follows:

¯ Shallow water habitat is the surface area where water is less than 1 foot deep. This habitat is
used by species such as mallards, cinnamon teal, and wading birds.

¯ Deep water habitat, is the surface area where water is more than 1 foot deep but less than 15
feet deep. This habitat is used by species such as diving ducks, ring-necked ducks, and lesser
scaup.

¯ Open water habitat is the area where water is greater than 15 feet deep. This area is used by
species such as western grebes and gulls.

The area of each reservoir at these different depths was calculated from models developed for the
fisheries analysis.

Most wildlife use of reservoirs occurs between October and March, when migratory birds arrive
in the Central Valley and disturbance from recreationists is relatively low compared with summer
use (see the Vegetation and Wildlife and Recreation technical appendices). Therefore, the
analysis evaluates only the period between October and March.

It should be noted that the hydrologic modeling conducted for this analysis has not included
reoperation ofnon-CVP and non-SWP reservoirs. The operational scenarios for these reservoirs
are based on their historical operations. No attempt has been made to optimize operations, and
actual operations could differ from these assumptions. Should water be purchased from these
reservoirs, the price of water would be required to include mitigation for adverse impacts that
could not be overcome through reoperation. Therefore, effects of these changes are described,
but they are not called out as impacts

DETERMINING IMPACTS ON SPECIAL-STATUS SPECIES

Special-status species are evaluated using the same impact mechanisms and habitat-based
approach as described previously under "Determining Impacts on Habitats." Changes in the
amount of habitat potentially available for each species are used to evaluate changes in the status
of special-status species. It is assumed that the distribution and abundance of special-status
species are proportional to the amount of habitat available. No data are available to determine
changes in habitat quality, so the effects of changes in habitat quality are not analyzed.
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Impacts on threatened or endangered species are evaluated for individual species or in small
groups of species when the impact mechanisms and habitat requirements are similar. Impacts on
species that are not proposed for listing or listed as threatened or endangered are evaluated in
guilds.

DETERMINING IMPACTS ON WATERFOWL AND SHOREBIRDS

ASSUMPTIONS

The following assumptions are made in the evaluation of the potential effects of implementing
the CVPIA on waterfowl, shorebirds, and other wetland-dependent wildlife in the Central Valley.

Value of Wetlands to Waterfowl and Shorebirds

¯ Increased wetland acreage and longer durations of flooding in wetlands located on refuges
and other managed wetlands will promote the survival and reproductive success of migratory
and breeding waterfowl, shorebirds, and other wetland-dependent wildlife.

¯ The health and reproductive success of northern pintails (and probably other migratory
waterfowl) on their northern breeding grounds are correlated with the acreage of wetland
habitats in the Central Valley in late winter and early spring.

¯ Central Valley wetlands are critical to both migratory and breeding waterfowl and shorebirds,
especially in drought years.

Refuges and Private Wetlands

¯ Established private duck clubs have a strong commitment to the preservation and
enhancement of waterfowl habitats; therefore, wetlands receiving water from non-CVP
sources will remain in operation with implementation of the CVPIA.

Agricultural Lands and Practices

¯ The wildlife habitat values of rice fields to migratory waterfowl and shorebirds depends on
the timing, depth, and duration of flooding and on the fields’ proximity to state or federal
refuges and other managed wetlands (e.g., Grasslands Resource Conservation District
[GRCD], District 10).

¯ Incentive programs to flood agricultural fields for waterfowl habitat (per CVPIA Section
3406[b][22]) could result in a maximum of 200,000 acres of flooded fields (probably 99
percent on rice fields). A maximum of 80,000 acres of flooded fields was assumed for this
analysis (Miller, pers. comm.). On average, fields would be flooded 4 to 12 inches deep, and
90 percent of the flooding would occur between mid-September and early March. Two-thirds
of the acreage would be in the Sacramento Valley and one-sixth would be in the San Joaquin
River Region. These programs are assumed to continue through 2020.
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METHODS

Public Refuges, the Grasslands Resource Conservation District, Reservoim, and
Bypasses

State and federal refuge managers and managers of the GRCD were contacted to determine
changes in wetland management with implementation of the CVPIA. As part of the ongoing
analyses and adaptive management on refuges, federal refuge managers are currently preparing
water management strategies for the next 10 years that incorporate U.S. Fish and Wildlife Service
(Service) resource objectives, and information on the types of wetlands and water sources. These
plans are currently in preparation (Forrest and Miller, pers. comms.); therefore, site-specific
information on how new water supplies will be used on individual refuges (especially those in the
Sacramento River Region) was not available for analysis in the programmatic environmental
impact statement (PEIS).

Prelkninary information describing the projected refuge water supply deliveries; wetland acreage;
and use by ducks, geese, and other water birds was summarized in an interim report (U.S. Bureau
of Reclamation [Reclamation], 1992). Although these data are incomplete, they constitute the
best current source of information for comparing the effects of Level 2 and Level 4 refuge water
management with the No-Action Alternative (Miller, pers. comm.).

The wetland acreage and waterfowl use-day data derived from the Reclamation (1992) report are
summed for each region. Percent changes from the No-Action Alternative are calculated for
Alternative 1 (Level 2) and Alternatives 2 through 4 (Level 4). Data for the No-Action
Alternative are estimated using percentages from water supplies delivered to the refuge
boundaries for each region. Because most values calculated for this analysis incorporate
estimated data, they are considered relative indices to describe changes between alternatives,
rather than measured quantities for individual refuges (Miller, pers. comm.).

Private Duck Clubs and Other Managed Wetlands

Ducks Unlimited is currently preparing an extensive geographic information system (GIS) data
base of wetland habitats in the Sacramento Valley based on midwinter 1992 Landsat satellite
imagery (Reid, pers. comm.). However, this data base is still in preparation and not available for
use in calculating habitat acreage in major waterfowl use areas for the PEIS.

Lacking data on habitat acreage, the analysis is based on the assumption that, under all
alternatives, private duck clubs and other managed wetlands that were not specifically identified in
the CVPIA (i.e., duck clubs in the GRCD) would continue to receive water deliveries at their
historical levels. No analysis was performed for these facilities because information regarding
changes in water deliveries to duck clubs and other private wetlands is not available.
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Chapter I

METHODOLOGY USED IN THE RECREATION
TECHNICAL APPENDIX

INTRODUCTION

This technical appendix describes the methods used to assess potential impacts on recreation that
could occur as a result of implementing the Central Valley Project Improvement Act (CVPIA).
The impact assessment includes an analysis of changes in recreation opportunities and recreational
use at affected recreation areas. Potential impacts on recreation could occur as a result of
changes in:

¯ reservoir storage;
¯ fiver flows;
¯ water deliveries to federal and state wildlife refuges; and
¯ abundance ofanadromous fish.

RECREATION OPPORTUNITIES

The purpose of the recreation opportunities analysis is to determine how implementation of the
CVPIA could affect the quality of recreation activities at affected recreation sites. Recreation
sites that could be affected include reservoirs operated by the Central Valley Project (CVP), State
Water Project (SWP), and other water agencies; rivers and streams; federal and state wildlife
refuges; the San Francisco Bay/Sacramento-San Joaquin Delta (Bay-Delta) area; and coastal
waters.

RESERVOIRS AND RIVERS

The primary objective of the analysis of impacts on reservoir- and fiver-related recreation is to
determine how changes in hydrologic conditions at important recreation sites could affect
recreation opportunities. Changes in reservoir hydrology could result in impacts on recreation by
changing the frequency with which reservoir surface elevations are above or below the levels
necessary to conduct water-dependent or water-enhanced activities. Similarly, changes in fiver
flows could result in impacts on river-related recreation activities by changing the frequency with
which flows are within acceptable ranges or below minimum flows necessary to conduct these
activities.

The assessment of changes in recreation opportunities at important recreation areas is based on
comparing the number of months that reservoir surface elevations or river flows would be below
thresholds or outside optimal ranges under the action alternatives with under the No-Action
Alternative. Reservoir-related recreation opportunity thresholds include usable surface area for
boating, and the availability of recreation facilities such as boat ramps, marinas, beach areas,
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campgrounds, and picnic areas. River-related recreation opportunity thresholds are based on river
flows necessary to conduct boating and other water-dependent activities.

The following tasks were performed to assess impacts on recreation opportunities at reservoirs
and rivers:

¯ identify recreation areas that could be substantially affected by the CVPIA;

¯ identify recreation opportunity thresholds for affected recreation areas;

¯ determine peak- and off-season recreation periods;

¯ determine hydrologic periods of concern;

¯ quantitatively assess changes in recreation opportunities for sites with hydrologic modeling
output; and

¯ qualitatively assess changes in recreation opportunities for sites without hydrologic modeling
output.

These tasks were performed first to establish baseline conditions associated with the No-Action
Alternative and then to assess changes under each alternative.

Task 1. Identify Affected Sites and the Availability of Hydrologic Modeling Output

Recreation areas are classified based on the availability of PROSIM or SANJASM hydrologic
modeling output. Changes in recreation opportunities at sites for which hydrologic modeling
output is available are assessed quantitatively (Table I-1). Changes in recreation opportunities at
sites for which hydrologic modeling output is not available are assessed qualitatively (Table 1-2).

The analysis of changes in recreation opportunities based on changes in river flows and reservoir
storage levels is based on numerical results from surface water modeling. The modeling has been
prirnadly developed to meet streaznflow target goals. The CVP and SWP reservoirs are

¯ reoperated using the U.S. Bureau of Reclamation’s (Reclamation’s) PROSIM and SANJASM
models (to the extent possible with these monthly models) to meet the downstream flow targets.
Modified operating rules were developed for the CVP and SWP reservoirs in Alternatives 1
through 4. The projected monthly changes in reservoir storages reflect these estimated
modifications in reservoir operations and can be used to compare the No-Action Alternative and
the action alternatives.
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TABLE I-1

RECREATION SITES ASSESSED QUANTITATIVELY
IN THE CVPIA PEIS

Recreation Region Reservoirs Rivers Wildlife Refuges

Sacramento River Shasta Lake Sacramento River Sacramento NWR
Folsom Lake American River Delevan NWR
Lake Oroville Surfer NWR

Colusa NWR
Gray Lodge WMA

San Joaquin River San Luis Reservoir San Joaquin River San Luis NWR
Millerton Lake Stanislaus River Mendota NWR
New Melones Reservoir Tuolumne River Merced NWR
Camanche Reservoir (1) Merced River Volta WMA
New Don Pedro Reservoir (1) Mokelumne River Los Banos WMA
New Hogan Lake (1)
Lake McClure (1)

Tulare Lake Kern NWR
Pixley NWR

NOTES:
(1) Simulated operations do not incorporate cdteria for power generation, terminal storage, or

recreational objectives. Monthly changes were only used for rough approximations of
comparisons to the No-Action Alternative.

LEGEND:

NWR = National Wildlife Refuge.
WMA =,,W!ldlife Manage ,,ment Area,.

The hydrologic modeling conducted for this analysis has not included reoperation ofnon-
CVP/SWP reservoirs. The operational scenarios for these reservoirs are based on their historical
operations. No attempt has been made to optimize operations, and actual operations could differ
from these assumptions. Therefore, the analysis of these reservoirs and the rivers they control is
presented at a more general level of detail than the analysis of the CVP and SWP facilities.
Further, should water be purchased from these reservoirs, the price of water would be required to
include mitigation for adverse impacts that could not be overcome through reoperation; therefore,
effects rather than impacts are described for these facilities.
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TABLE I-2

RECREATION SITES ASSESSED QUALITATIVELY IN THE CVPIA PEIS

Recreation Region                 Reservoir                    River
Sacramento River             Whiskeytown Lake                Feather River

Keswick Reservoir Yuba River
Lake Red Bluff Clear Creek
Thermalito Forebay
Thermalito Afterbay
Lake Natoma
New Bullards Bar Reservoir
Englebright Lake
Camp Far West Reservoir

San Joaquin River Bethany Reservoir Calaveras River
O’Neill Forebay California Aqueduct

Delta-Mendota Canal

Task 2. Identify Recreation Opportunity Thresholds

Recreation opportunity thresholds, indicated by reservoir surface elevations or river flows, are
developed for each reservoir or river that is included in the hydrologic modeling effort. These
thresholds have been developed based on interviews with reservoir operators, recreation
area managers, rafting guides, and fishing guides regarding conditions necessary to conduct
specific recreation activities. Table I-3 presents the thresholds developed for each important
recreation area.

Task 3. Identify Peak- and Off-Season Recreation Periods

The portion of the year during which most recreation activities occur has been determined for
each recreation area to assist in focusing the recreation opportunities analysis. Periods of peak
use are identified based on monthly use data or interviews with operators of recreation areas.

Most reservoir- and river-related recreation activities at sites in the Sacramento River and San
Joaquin River regions occur during the summer months. Potential impacts on reservoir-related
recreation are assessed for all water-dependent and water-enhanced activities occurring during
peak-season periods. Potential impacts on boating at reservoirs (usable reservoir surface area and
boat ramp availability) are also assessed for the off-season period. Potential impacts on river-
related recreation are assessed only for the peak-season period. Table I-4 presents the peak-use
periods at important recreation areas in the Sacramento River and San Joaquin River regions.
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TABLE I-3

RECREATION OPPORTUNITY THRESHOLDS FOR IMPORTANT
RECREATION SITES IN THE CVPIA PEIS STUDY AREA

Recreation Region/Site Recreation Opportunity Threshold I1)
Sacramento River Region

Shasta Lake - Main Area <844 msl - lest boat ramp out of operation
<947 msl - limited lake surface area (boating constrained)
<987 msl - marina relocation

Shasta Lake - McCIoud Rive- Arm <952 msl o last boat ramp out of operation
<960 msl - decline in campground use
<967 msl - limited lake surface area (boating constrained)
<987 msl - marina movement

Shesta Lake - Pit River Arm <907 msl - decline in campground use
<942 msl - last boat ramp out of operation
<987 msl - marina movement
<1,007 msl - limited lake surface area (boating constrained)

Shasta Lake - Sacramento River Arm <937 msl - marina closes
<950 msl - lest boat ramp out of q~eration
<967 msl - decline in campground use
<1,007 msl - lake ~ requiring madna movement
<1,017 msl - limited lake surface area (boating constrained)

Lake Oroville <700 msl - decline in campground/picnicking use
<710 msl - limited boat ramp availability and relocation of marina
<750 msl - limited lake surface area (b~ating constrained)
<819 msl - beach area closed
<840 msl - decline in beach use

Folsorn Lake <360 msl - last boat ramp out of operation
<400 msl - limited lake surface area (l:~ating constrained)
<405 msl - marina closes
<430 msl - decline in campground/picnicking use
>450 msl - beach area inundated

Sacramento River 2,500 to 12,000 ofs - flow range for all boating activities
Amedcan River 1,750 to 3,000 cfs - flow range for all boating activities

<1,750 cfs - minimum river flows for boating
<1,500 cfs - optimal flow for swimming

San Joaquin River Region
San Luis Reservoir <340 msl - lest boat ramp out of operation

<360 msl - limited lake surface area and decline in campground/picnicking use
Mille~on Lake <468 msl - last boat ramp out of operation

<470 msl - limited lake surface area and decline in beach use
New Melones Rase~.,oir <850 msl - lest boat ramp out of operation

<860 msl - limited lake surface area and decline in campground/picnicking use
<880 msl - madna closes
<900 msl - decline in beach use

Ca~nanche Reservoir <160 msl - marinas close and last boat ramp out of operation
<170 msl - decline in campground/picnicking use
<180 msl - limited lake surface area and decline in beach use
>220 msl - beach area inundated

New Don Pedro Reservoir <600 msl - marinas close and last boat ramp out of operation
<720 msl - limited lake surface area and decline in campground/picnicking use
<780 msl -decline in beach use

New Hogan Lake <575 msl - last boat ramp out of operation
<586 msl - marina closes
<600 msl - decline in campcjround/picnickincj use
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TABLE 1-3. (CONTINUED)

Recreation Region/Site Recreation Opportunity Threshold (1)
<640 msl - limited lake surface area (boating constrained)
<670 msl - beach area closed

Lake McClure <590 msl - last boat ramp out of operation
<600 msl - limited lake surface area and marinas close

San Joaquin River - Lower Reach (2) 300 to 500 cfs - optimal flow range for all boating activities
200 to 300 cfs - optimal range of canoeing flows
<300 ofs - below optimal flows for swimming

Stanislaus River - Upper Reach (3) 700 to 2,000 ofs - optimal flow range for all boating activities
700 cfs - below minimum flows for all boating activities

Stanislaus River ~ Lower Reach (4) 700 to 800 ofs - optimal flow range for all boating activities
<300 cfs - below minimum flows for all boating activities

Tuolumne River 400 to 700 cfs - optimal flow range for all boating activities
200 to 600 cfs - optimal flow range for swimming
500 ofs - below minimum flows for power boating
<150 cfs - below minimum flows for canoeing and kayaking
<50 cfs - below minimum flows for swimming

Merced River <500 cfs - below minimum flows for all boating activities
50 to 200 ofs - optimal flow range for swimming

Mokelumne River - Upper Reach (5) 400 to 700 cfs - optimal flow range for all boating activities
<200 cfs - below minimum fl~3w~ for all boating activities
<100 cfs - bevy minimum flows for swimming

Mokelumne River - Lower Reach (6) <200 ofs - below minimum flows for all boating activities
<100 ofs - below minimum flows for swimmin~

NOTES:

(1) Thresholds are messured in feet abo~ rneen sea level (msl) for reser~0irs and in cubic feet per second (ofs) for

(2) The lower reach of the San Joaquin River extends from the confluence with the Merced River to the Sacramento/San
Joaquin RNer Delta.

/431 The upper reach of the Stanislaus River extends from New Melones Reservoir to the City of Oakdale.The lower reach of the Stanislaus Rive~ extends from the City of Oakdale to the confluence with the San Joaquin
River.

1651
The upper reach of the Mokelumne Ri~er =ends from Camanche Reservoir to Woodbddge Dam.
The lower reach of the Mekelumne Ri~sr extends from Woodbdd~e Dam to the Delta.
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TABLE I-4

PEAK-USE PERIODS AT IMPORTANT RECREATION SITES IN THE
SACRAMENTO AND SAN JOAQUIN RIVER REGIONS

Recreation RegionlSite Peak-Use Season

Sacramento River Region

Shasta Lake May-September
Lake Oroville April-September

Folsom Lake April-September

Sacramento River May-September

Amedcan River May-September

San Joaquin River Region
San Luis Reservoir May-September
Millerton Lake May-September

New Melones Reservoir April-September
Camanche Reservoir April-September
New Don Pedro Reservoir May-September
New Hogan Lake April-September
Lake McClure April-September
San Joaquin River May-September
Stanislaus River May-September

Tuolumne River May-September
Merced River May-September
Mokelumne River May-September

Task 4. Determine Hydrologic Periods to Be Assessed

PROSIM and SANJASM hydrologic modeling output was used as the basis for conducting the
quantitative portion of the recreation opportunities impact assessment. In addition to an
assessment of impacts based on the 69-year hydrologic period, impacts were also assessed for
sample dry (1928 through 1934) and wet (1967 through 1971) hydrologic periods. Changes in
recreation opportunities are assessed for dry and wet hydrologic periods to determine whether
impacts would occur more or less frequently during these periods than under average conditions.

Task 4.1 Quantitatively Assess Changes in Recreation Opportunities. The
frequency with which reservoir surface elevations or river flows are expected to exceed recreation
opportunity thresholds is assessed for each important recreation site. The exceedance frequencies
estimates for each action alternative are compared to conditions under the No-Action Alternative
to assess changes in recreation opportunities. These changes are presented as the number of
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months, compared to those for the No-Action Alternative, that reservoir surface elevations or
river flows are below or above thresholds or outside optimal ranges.

Task 4.2 Qualitatively Assess Changes in Recreation Opportunities. Changes in
recreation opportunities at sites for which hydrologic modeling output is not available are
assessed qualitatively. The qualitative assessment is based on anecdotal information on how
facilities may be operated under each alternative.

BAY-DELTA REGION AND PACIFIC COAST REGION

Changes in recreation opportunities are not assessed for the Bay-Delta and Pacific Coast regions.
Implementation of the CVPIA is not expected to substantially change the hydrologic
characteristics of either region. The main mechanism by which implementing the CVPIA would
affect recreation activity in these regions is by changing the abundance ofanadromous fish. The
method by which these changes in use are predicted is described under "Recreational Use."

WILDLIFE REFUGES

Potential impacts on recreation opportunities at federal and state wildlife refuges in the
Sacramento River, San Joaquin River, and Tulare Lake regions were not directly assessed because
hydrologic data related to how land on these refuges would be flooded were not available.
However, the method by which changes in recreational use at the wildlife refuges are predicted, as
described under "Recreational Use."

RECREATIONAL USE

The objective of the recreational use analysis is to estimate how implementation of the CVPIA
could affect use at recreation areas in northern and central California. Reservoirs, rivers, wildlife
refuges, and streams located in the Central Valley and in the Bay-Delta area are included in the
analysis. Coastal fishery sites in California also are included in the analysis.

RESERVOIRS

For reservoirs, changes in recreational use are estimated based on changes associated with
demographic factors, such as population growth, and the hydrologic changes associated with each
CVPIA alternative.

The following tasks were conducted to assess impacts on recreational use at reservoirs:

¯ identify reservoirs that could be substantially affected by the CVPIA and for which hydrologic
modeling data are available;

¯ identify existing recreational use equations for these reservoirs and evaluate their usefulness
and applicability to this study;
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¯ for reservoirs without acceptable use equations, estimate new use equations using existing
hydrologic, recreation, and economics-related data; and

¯ use demographic data (primarily population forecasts) and hydrologic model estimates of
reservoir levels to predict use for each affected reservoir under the No-Action Alternative, and
the model results of reservoir levels to predict use under each action alternative.

Each of these tasks is discussed in more detail as follows.

Task 1. Identify Availability of Hydrologic Modeling Output for Affected
Reservoirs

Reservoirs are classified based on the availability of PROSIM and SANJASM hydrologic
modeling output. Changes in recreational use at reservoirs for which hydrologic modeling output
is available are estimated quantitatively. Recreational use is not quantified for reservoirs for
which hydrologic data are unavailable. Reservoirs for which hydrologic data are available include
Shasta Lake; Lake Oroville; Folsom Lake; Millerton Lake; Lake McClure; New Hogan Lake; San
Luis, New Don Pedro, New Melones, and Camanche reservoirs.

Task 2. Evaluate Existing Recreational Use Equations for Reservoirs Identified
in Task I

Several previous studies have been identified in which recreational equations specify use as a
function of lake level (Loomis et al., 1995). The equations used in these studies have been
evaluated for their potential application in the use analysis. These equations are described in
detail under Task 3.

Task 3. Estimate Recreational Use Equations for Each Reservoir Using Available
Hydrologic, Recreational Use, and Demographic Data

For reservoirs without existing and acceptable use equations, new use equations are estimated
using historical recreational use, population, and hydrologic data (lake levels). These equations
are described for each reservoir. In some cases (e.g., Shasta Lake), existing use equations are
reestimated to provide better capabilities for predicting use in future years (i.e., 2020).

Folsom/.aRe. A use-estimating model developed by Dr. John Loomis, which is based on 11
years of monthly use data from 1976 through 1987, is used for the.analysis. This equation is
considered superior to a model developed by California Department of Parks and Recreation
because the time series data for estimating the Loomis model span a longer period, and better
documentation is available for this model.

In addition to lake elevation, independent variables in the Loomis model include air temperature,
gasoline prices, population, and water year type. To develop a simpler model that does not
depend on a projection of gasoline prices, the data used by Loom_is have been reanalyzed.
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The resulting equation shows monthly recreational use as a function of lake level and air
temperature:

In (Monthly Visitation) = -24.3 + 4.6 [In (temp)] + 2.8 [In (elevation)]
(- 4.3) (13.6)        (2.8)

Note: Values in parentheses are t values.

Adjusted R2 = 0.62, n = 140, F = 113.1

This equation requires less data than the Loomis model, has only a slightly lower adjusted R2
value (0.62 compared to 0.69), and includes statistically significant coefficients for both variables
in the model at the 95 percent confidence level (P = 0.05). The F statistic also indicates that the
independent variables together significantly contribute to the prediction of visitor use at a 99
percent confidence level (P = 0.01). This equation is used to estimate recreational use at
Folsom Lake using PROSIM model results and historical monthly average air temperatures.

Shasta Lake. The U.S. Forest Service QJSFS) recently developed a use-estimating equation to
predict changes in recreational use at Shasta Lake (USFS, 1993). This equation estimates annual
recreational use (in thousands of visitor days) as a function of year (which is a proxy for
population), May lake level, and the decline in lake level between May and September.

For this study, the Shasta Lake equation was reestimated using northern California population and
September lake-level data.

The resulting use-estimating equation for Shasta Lake is:

in (Annual Visitation) = -41.4 + 1.4 [In (no. Calif. population)] + 5.2 [In (Sept. lake level)]
(-10.7)       (7.2)             (12.6)

Note: Values in parentheses are t values.

Adjusted R2 = 0.89, n = 21, F = 84.43

All variables are significant at the 99 percent confidence level (P = 0.01). The F statistic also
indicates that the equation is significant at a 99 percent confidence level (P = 0.01).

Lake Oroville. Lake Oroville, New Bullards Bar Reservoir, and Englebright Lake are located
in the east-central Sacramento Valley. PROSIM model output is not available for New Bullards
Bar Reservoir or Englebright Lake. Consequently, an equation has been developed only for Lake
Oroville.

The best fitting equation for Lake Oroville specifies visitor use as a function of population and
June lake level.
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The use-estimating equation for Lake Oroville is:

In (Annual Visitation) = -16.6 + 1.7 [In (no. Calif. population)] + 0.5 [In (June lake level)]
(-5.6)     (7.5)               (4.8)

Note: Values in parentheses are t values.

Adjusted R2 = 0.71, n = 25, F = 30.9

All variables in the above equation are significant at the 99 percent confidence level (P = 0.01).
The F statistic also indicates that the equation is significant at a 99 percent confidence level (P =
0.01).

San l.ui$ Reservoir. The use-estimating equation for San Luis Reservoir is:

Annual Visitation = -17.4 + 2.7 [In (no. Calif. pop.)] - 0.08 [ln (Jul-Sept. change in lake level)] + 0.3 Dumm3
(-5.3)      (7.2)            (-1.6)             (3.6)

Note: Values in parentheses are t values.

Adjusted R2 = 0.70, n = 22, F = 17.5

Millerton Lake. The use-estimating equation for Millerton Lake is:

Annual Visitation = -1.6 + 0.9 [ln (no. Calif. pop.)] - 0.07 [ln (August lake level)] + 0.6 Dummy
(-0.2)     (1.31)         (-2.0)            (3.9)

Note: Values in parentheses are t values.

Adjusted R2 = 0.60, n = 18, F = 9.6

Lake McClure. The use-estimating equation for Lake McClure is:

Annual Visitation = -12.9 + 1.8 [ln (no. Calif. pop.)] + 0.2 [In (June lake level)]
(-4.6)      (7.3)           (2.3)

Note: Values in parentheses are t values.

Adjusted R~ = 0.70, n = 24, F = 27.3

New Melones Reservoir, The use-estimating equation for New Melones Reservoir is:

Annual Visitation = -16.4 + 2.1 [In (no. Calif. pop.)] + 0.2 [In (April lake level)] + 0.9 Dummy
(-2.9)    (3.7)           (3.3)           (-6.6)

Note: Values in parentheses are t values.
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Adjusted R2 = 0.91, n = 14, F = 43.6

New Don Pedro Reservoir. The use-estimating equation for New Don Pedro Reservoir is:

Annual Visitation = -7.5 + 0.7 [ln (no. Calif. pop.)] + 0.5 [ln (April lake level)]
(-3.6)     (6.2)           (3.6)

Note: Values in parentheses are t values.

Adjusted R2 = 0.74, n = 19, F= 27.1

Camanche Reservoir. The use-estimating equation for Camanche Reservoir is:

Annual Visitation = 4.0 + 0.55 [ln (no. Calif. pop.)] - 0.08 [In (June-Sept. change in lake level)]
(1.8)     (2.6)            (-4.3)

+ 0.4 [In (Sept. lake level)]
(17.3)

Note: Values in parentheses are t values.

Adjusted R2 = 0.95, n = 16, F = 105.0

New Hogan Lake. The use-estimating equation for New Hogan Lake is:

Annual Visitation = 16.47 - 0.16 [ln (June to September change in lake level)] - 1.70 Dummy
(29.7)       (-3.1)                      (-17.7)

Note: Values in parentheses are t values.

Adjusted R~ = 0.93, n = 25, F = 159.5

Dummy variables have been included in the equations for Millerton Lake and San Luis and
New Melones reservoirs. In 1981, Reclamation began using 12-hour visitor days as the

¯ standard measure of recreational use at its reservoirs. Before 1981, there was no standard
method for reporting visitor use at Reclamation reservoirs. The changed reporting methods
resulted in a wide variation in visitor use data that could only be accounted for with the use of
dummy variables. Consequently, the dummy variables contained in the equations listed are used
to account for changes to the visitor use data collection and reporting process.

All variables are significant at the 95 percent eortfidence level (P = 0.05) for New Hogan Lake;
Lake McClure; and New Melones and Camanche reservoirs. For San Luis Reservoir, all variables
are significant at the 99 percent level (P = 0.01) except for the change in lake level, which is
significant at a 90 percent confidence level (P = 0.10). For Millerton Lake, lake level is significant
at the 90 percent level, whereas population is significant at slightly less than an 80 percem
confidence level. The F statistic for all equations also indicates that the independent variables
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together significantly contribute to the prediction of visitor use at levels well above a 99 percent
confidence level (P = 0.01).

Task 4. Use PROSIM and SANJASM Output on Reservoir Levels and
Demographic Data for 2020 to Predict Recreational Use at Affected Reservoirs

The hydrologic predictions of month-end reservoir levels for each month in the 69-year simulation
are based on the PROSIM and SANJASM modeling results for each CVPIA alternative.
Estimates of future population developed by the California Department of Finance are also used.
Use conditions associated with the No-Action Alternative and each alternative are estimated using
the equations previously described. The results for each action alternative are compared to the
results for the No-Action Alternative.

RIVERS IN THE SACRAMENTO AND SAN JOAQUIN RIVER REGIONS

Sacramento River Region

Changes in recreational use associated with the CVPIA alternatives at the Sacramento, American,
Yuba, and Feather rivers are analyzed in the Recreation Technical Appendix; however, only
changes in recreational fishing use resulting from changes in anadromous fish populations are
evaluated. It is believed that activities on these rivers would be only marginally affected or not
affected by changes in hydrology. Because no estimates of changes in fish populations are
provided in the PEIS, possible changes in recreational use associated with three fish improvement
scenarios (33 percent, 67 percent, and 100 percent improvement) are analyzed. These scenarios
are intended to provide a range of possible population improvements compared to conditions
during the 1967-1991 No-Action condition, but are not intended to be associated with the CVPIA
alternatives.

Recreational fishing use, as measured by angler visitation, is analyzed for the American, Feather,
Sacramento, and Yuba rivers. Changes in angler visits are estimated as functions of selected
explanatory variables, including travel cost to different site~ and catch rates for different species.
A regional travel cost model developed by Roach and Loomis (1996) is used to estimate changes
in sport fishing for each of several target fish species (see Attachment A for the Roach and
Loomis [1996] report).

Angler visits for recreational fishing for each species along each river (or river reach in the case of
the Sacramento River) are specified as a function of several variables, including travel cost,
average catch, and the socioeconomic characteristics of participants from various counties. The
species-specific demand models are shown in Table 1-5.
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TABLE I-5

ANGLER DEMAND MODEL FOR
SACRAMENTO VALLEY RIVERS

Variable Name Estimated Coefficient t Statistic
intercept -11.37461 -5.171
Income -1.5637 -15.545
Education 7.2326 8.638
Over-65 0.0229 0.285
Density 0,00008 0.005
Subindex -0.1224 -6.685
Retail Price 5.1627 7.047
Travel cost (American shad) -0.8761 -17.673
Travel cost (catfish and black bass) -1.4519 -25.479
Travel cost (king salmon) -1.2690 -28.810
Travel cost (rainbow trout) -0.9106 -17.575
Travel cost (stdped bass) -1.4864 -36.906
Travel cost (steelhead trout) -0.9643 -18.151
Travel cost (sturgeon) -1.3286 -26.104
Travel cost (any target species) -1.2827 -27.919
Population (American shad) 0.5005 12.700
Population (catfish and black bass) 0.5419 14.769
Population (king salmon) 0.4664 14.970
Population (rainbow trout) 0.3746 9.284
Population (stdped bass) 0.3901 13.593
Population (steelhead trout) 0.3721 9.769
Population (sturgeon) 0.4037 11.821
Population (any target species) 0.6278 17.133
Total catch (American shad) 0.2225 5.194
Total catch (catfish and black bass) 0.4063 9.568
Total catch (king salmon) 0.4138 17.412
Total catch (rainbow trout) 0.6740 17.730
Total catch (stdped bass) 0.4809 19.389
Total catch (steelhead trout) 0.2804 5.760
Total catch(sturgeon) 0.3185 14.846
Total catch (any target species) 0.4184 8.695

These equations are used to estimate the changes in angler visits that would occur assuming
increases of 33 percent, 67 percent, and 100 percent of the average catch for each species
associated with the No-Action conditions. The No-Action conditions are estimated by adjusting
the average catch rates used to estimate the model (reflecting 1991-1994 conditions) to
correspond with conditions associated with the 1967-1991 period.
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San Joaquin River Region

Changes in recreational use at rivers in the San Joaquin River Region are estimated for certain
nonconsumptive activities expected to be affected by changes in flows (i.e., wildlife viewing,
swimming, and boating) and for fishing use. Affected rivers include the San Joaquin, Tuolumne,
Stanislaus, and Merced rivers. Unlike Sacramento River Region rivers, recreational activities in
addition to sport fishing at rivers in the San Joaquin River Region are assumed to be sensitive to
changes in hydrology. For both fishing and nonconsumptive activities, changes in river use are
estimated using an index associated with monthly and peak annual flows for each river. A two-
part linked model developed by Loomis and Creel (1992) is used. This model combines a
multinomial legit site selection model and a trip frequency model.

The data for estimating this model were derived from a survey of California households (Jones &
Stokes Associates, 1990). Survey results indicate which rivers, wildlife refuges, and other
recreation areas in the San Joaquin Valley were visited and the annual number of trips for several
activities (e.g., wildlife viewing and fishing and waterfowl hunting [at wildlife refuges] in the San
Joaquin Valley).

Site Selection Model. The site selection model is used to predict which rivers will be visited.
Because the form of a site selection model involves comparing the relative cost (travel cost) and
attractiveness (WATERQTY) of the alternative sites, substitute site opportunities are explicitly
modeled. Thus, increases in flow in one river will shiit visits to that river. Alternately, uniformly
increasing flows in all rivers will not alter their relative attractiveness and hence their shares of
existing visitors. (Nonparticipants may be motivated to become participants, but this effect is not
modeled here; as a result, the change in overall recreational use will be underestimated.)
Increasing the absolute amount of water will improve the absolute attractiveness of all rivers for
wildlife viewing and fishing, which is captured in the trip frequency model. In other words, no
new river recreationists are predicted, but existing recreationists may increase their frequency of
USe.

The site selection model includes a variable that directly measures water availability. That
variable (WATERQTY) is calculated by dividing monthly flow (in cubic feet per second) by peak
water flow. Thus, as more water is provided (particularly in months that currently have little or no
water deliveries), the value of WATERQTY goes up.

The site selection equation for nonconsumptive activities is as follows:

Variable Coeffiqiem t Statistic
Travel cost -0.0168 -3.85
WATERQTY 0.664 1.42

This model was estimated using data from a sample of visitors who indicated that their primary
activity was wildlife viewing. Because this sample of visitors also participated in other noncon-
sumptive activities, the model was used to predict changes in use for other affected
nonconsumptive activities (i.e., swimming and boating).
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The site selection equation for fishing is as follows:

Variable �~0efficient t Statistic
Travel cost -0.0176 -5.17
WATERQTY 0.852 2.57

The travel cost variables are statistically significant in the equations for both nonconsumptive
activities and fishing. The WATERQTY variable is statistically significant at conventional levels
for fishing, but the significance level is 80 percent for the WATERQTY in the equation for
nonconsumptive activities.

Trip Frequencg Modol. An increase in the absolute attractiveness of a fiver will increase the
marginal utility of a visit and lead existing visitors (or remaining visitors if’there are shifts in sites
visited) to increase the frequency of trips each year. The increase in utility due to increased water
flows can be calculated from the site selection model using the term "inclusive value" (see Creel
and Loomis, 1992). The inclusive value represents the net utility (attractiveness as reflected by
WATERQTY minus the travel cost). It is calculated from the site selection model and is included
as a variable in the trip frequency model. Because trip frequency is a non-negative integer, a
Poisson count data distribution is used.

The trip frequency model for nonconsumptive activities is:

exp (TRIPSi) = -0.408 - 0.957 (INC) + 0.696 (IV)
(-2.89) (-4.49) (9.11)

The trip frequency model for fishing is:

exp (TRIPSi) = -1.15 + 0.292 (INC) + 0.664 (IV)
(-13.35) (3.22) (17.56)

Note: Values in parentheses are t values

where: TRIPSi = the number of trips to site I
INC = income
IV = inclusive value

All coefficients in both models are statistically significant. A change in WATERQTY affects the
inclusive value and, therefore, the frequency of trips to the site. The change in total visits to a site
reflects the combined effect ofreallocation of visitors and trip frequency.

A change in the monthly flows in each fiver affects the WATERQTY variable in the site
selection model for nonconsumptive activities and fishing. In essence, the change in
WATERQTY multiplied by its coefficient will alter the probability that recreationists will go to
that river for nonconsumptive activities or fishing. That change in probability of visitation is
applied to the base number of anglers and visitors participating in nonconsumptive activities to
obtain the change in the number of anglers and participants in nonconsumptive activities.
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The change in WATERQTY changes the inclusive value in the trip frequency model. As the
inclusive value changes, trip frequency changes. Improvements in flow can result in existing
anglers and participants in nonconsumptive activities taking more trips. Both the site selection
and trip frequency portions are modeled in a spreadsheet format that facilitates the linkage
between water changes, trip frequency, and recreation benefits.

REFUGES

Changes in visitor trips are estimated for three recreational activities: fishing, wildlife viewing,
and waterfowl hunting for refuges in both the Sacramento River and San Joaquin River regions.
For each activity, changes in visitor trips are estimated as a function of total water deliveries to
each refuge under each alternative.

Sacramento River Region

Recreational use-estimating equations are developed for the following refuges in the Sacramento
Rivet Region: Sacramento National Wildlife Refuge (NWR), Delevan NWR, Colusa NWR,
SuRer NWR, and Gray Lodge Wildlife Management Area (WMA). Separate use-estimating
equations are estimated for fishing, wildlife viewing, and waterfowl hunting at the complex of
refuges, as described in the following section.

Fishing. A refuge fishing model was developed that estimates monthly fishing use as a function
of monthly water deliveries. Visitation data used to estimate the model were obtained from a
sample of visitors to rivers and wildlife refuges in the San Joaquin Valley (Jones & Stokes
Associates, 1990). A sample of visitors were asked through mail and follow-up telephone surveys
about recent trips to recreation areas in the San Joaquin Valley. Water delivery data were
obtained from historical records maintained by Reclamation. The equation is:

Fishing Days = -1.2254 + 0.004848 (Monthly Water Quantity)
(-0.03934)

(2.414)

Note: Values in parentheses are t values

R2 = 0.20

This model is estimated based on a sample of 26 visitors to the refuges. The sample was
randomly selected from the California population using random digit dialing techniques. The
response rate for the survey was about 60 percent, which is reasonably good for a general
population survey. For these reasons, we believe that the survey sample of refuge visitors is
representative of the population of visitors in terms of their predicted response to a change in
water deliveries.

Although the coefficients of determination (R2) are relatively low by empirical standards,
the individual cross-section data used to estimate the model typically result in a lower R2 than
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results from aggregated data (such as county averages) or times series data. Because the
model has only one independent variable (water quantity), the effect of other variables is captured
in the constant term. The coefficient on the water quantity variable is significant at the 95 percent
confidence level.

To estimate total fishing days for the entire population of anglers who visit the refuges, monthly
predictions for each refuge are summed to obtain annual estimates and then multiplied by an
expansion factor of 10.68 to scale up the sample estimates to the population levels.

Wildlife Viewing. For wildlife viewing at refuges, a use-estimating model with a functional
form similar to the fishing model was developed using the same data. Visitor days are a function
of monthly water deliveries, as specified in the following equation:

Viewing Days = 0.31789 + 0.004153 (Monthly Water Quantity)
(0.1131) (2.38)

Note: Values in parentheses are t values

R2= 0.13

The model was estimated based on a sample of 41 visitors to refuges. Similar to the sample
expansion factor developed for the fishing model, total wildlife viewing days are estimated by
summing the monthly predictions to obtain annual estimates and then multiplying by an expansion
factor of 92.68 to scale up to the population levels.

INater~owl Hunting. Cooper and Loomis (1990) pooled data on waterfowl hunters ~om the
Sacramento Valley with data from the San Joaquin Valley to estimate a travel cost demand
equation for waterfowl hunting in the entire Central Valley. To allow for greater specificity
regarding only refuges in the Sacramento River Region, a separate model was developed,
following the same specification and functional form that Cooper and Loomis used.

The use-estimating equation for waterfowl hunting at Sacramento River Region wildlife areas is:

ha(TRIPSij/POPi) = -31.3969 - 1.523 (lnTWDISTij) + 0.2 8(lnHVSTj)
(-8.17)     (-14.96)      (2.76)

+ 0.7889 (INCi) + 1.87 (lnWATERQTYj)
(2.289)        (9.25)
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Note: Values in parentheses are t values

R2= 0.61, n = 209, F= 82.3v

where:

TRIPSij = sampled trips from county i to hunt at refugej
POPi = population of county i

TWDISTij = round trip distance t~om county i to refugej
HVSTj = waterfowl harvest at refugej in the previous year

INCi = average household income in county i
WATERQTYj = annual water deliveries to refuge j, measured in acre-feet

Overall, the equation is statistically significant, as indicated by the F value. The important price
variable (distance) and water delivery variable are significant at the 99 percent level.

Changes in annual water deliveries to each of the five refuges in the Sacramento River Region are
linked to waterfowl hunting trips through the WATERQTYj variable. Because only sampled trips
(not actual trips) are available, the percentage change in sampled trips is used to indicate the
percentage change in trips that would occur.

The change in trips consists of two components: (a) the number of hunters who apply for and
obtain a waterfowl hunting permit for refuge j; and (b) the number of hunters who arrive in the
early morning hours hoping to obtain a permit on a first-come, first-served basis. One-half the
total hunting permits are available through the application process and one-half on a first-come,
first-served basis.

After a percentage change in sampled trips is calculated from the travel cost demand equation for
a given change in water quantity (WATERQTYj), this percentage is applied to the base number of
hunter trips at the specific refuge to calculate the change in number of hunter day trips.

san Joaquin River and Tulare Lake Regions

Recreational use-estimating equations have been developed for the following refuges in the San
Joaquin River and Tulare Lake regions: Volta WMA, San Luis NWR, Merced NWR, Mendota
WMA, Los Banos WMA, Kesterson NWR, and Kern NWR. A separate use equation is estimated
for fishing, wildlife viewing, and waterfowl hunting at the complex of refuges, as described in the
following section.

Fishing. The same refuge fishing model described for the Sacramento River Region also was
used for refuges in the San Joaquin River and Tulare Lake regions. (Jones & Stokes Associates,
1990). The equation is:

Fishing Days = -1.2254 + 0.004848 (Monthly Water Quantity)
(-0.03934)      (2.414)

Recreation M/M I-19 September 199 7

C--0841 66
C-084166



Draft PEIS Methodology Used in the Recreation
Technical Appendix

Note: Values in parentheses are t values

R2 = 0.20

To estimate total fishing days for the entire population of anglers who visit the refuges, monthly
predictions for each refuge are summed to obtain annual estimates and then multiplied by an
expansion factor of 10.68 to scale up the sample estimates to the population levels.

Wildlife Viewing. The same wildlife viewing model described for the Sacramento River Region
also was used for refuges in the San Joaquin River and Tulare Lake regions. The equation is:

Viewing Days = 0.31789 + 0.004153 (Monthly Water Quantity)
(0.1131)       (2.38)

Note: Values in parentheses are t values

R2 = 0.13

Similar to the sample expansion factor developed for the fishing model, total wildlife viewing days
are estimated by summing the monthly predictions for each refuge to obtain annual estimates for
the sample and then multiplying by an expansion factor of 92.68 to scale up the sample estimates
to the population levels.

Waterfowl Hunting. Data from a census of all waterfowl hunters at refuges in the San Joaquin
River Region were collected during the 1989-1990 hunting season. Using recorded zip codes for
hunters, a travel cost model (TCM) developed by Cooper and Loomis (1993) was used for the
analysis. Because the number of trips from each county is an integer variable (i.e., restricted to
being greater than or equal to zero and reflecting whole numbers), a count data formulation was
used to increase statistical efficiency.

This model is:

exp (TRIPSij) = -8.815 - 0.00887 (TWDISTij) + 0.0000042 (INCj) + 10.51 (PQUALSUBik)
(-59.48) (-28.39)       (1.573)      (3.94)

+ 0.0001257 (WATERQTYj)
(18.04)

Note: Values in parentheses are t values

where:

TRIPSij = total number of waterfowl hunting trips from county i to refugej
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TWDISTij = round trip distance from county i to refugej

INCi = average household income in county i

PQUALSUBik = a measure of the price and quality of substitute sites k available to
origin i. (This substitute measure was constructed using distance and
amount of harvest at the most popular refuge visited by county i.
This measure was constructed because a traditional price variable for
substitute sites was highly correlated with its own price variable. The
substitute refuges could include those in the Sacramento River
Region.)

WATERQTYj = annual water deliveries to refuge j, measured in acre-feet

All the coefficients are statistically significant at the 0.01 level, except for INC. The functional
form is equivalent to a semi-log of the dependent variable model, except that zero visits can be
accommodated without adding a positive constant to allow for log transformation.

A change in WATERQTY at refugej shifts the TCM demand curve, which allows calculation of
the change in the number of hunting trips.

OCEAN FISHERIES

As with rivers in the Sacramento River Region, changes in recreational ocean fishing as a result of
implementing the CVPIA are related to changes in the abundance ofanadromous fish. Similarly,
estimates of changes in use are developed for the No-Action condition and for the three fisheries
improvement scenarios (33 percent, 67 percent, and 100 percent improvement).

The ocean fishery use estimates (angler trips) are based on equations developed by Hanemann and
Dumas (1996) for both charter (for hire) recreational fishing boat trips and private recreational
fishing boat trips in California. The following discussion summarizes the methodology used to
estimate ocean fishery angler trips. The Hanemann and Dumas (1996) study report is included as
Attachment B.

In California, ocean recreational fishing vessels are assumed to originate from five ports:
Crescent City, Eureka, Fort Bragg, San Francisco, and Monterey. Table I-6 illustrates the actual
port cities included under these ports.

Two models of ocean recreational angler trips are estimated:

¯ charter boat trips in California; and
¯ private boat trips in California.
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TABLE I-6

PORT CITIES USED IN THE OCEAN FISHERIES ANALYSIS

Actual Port Cities
Port Included in Port Counties PFMC Catch Area

Crescent City Crescent City Del Norte Crescent City
Eureka Eureka Humboldt Eureka
Fort Bragg Shelter Cove, Fort Bragg, Noyo Mendocino Fort Bragg
San Francisco Bodega Bay, Sausalito, Richmond, Sonoma, Madn, Contra San Francisco
Bay area Berkeley, Emeryville, Oakland, Costa, Alameda, Santa

San Francisco, Half Moon Bay Clara, San Mateo, San
Francisco

Monterey area Santa Cruz, Moss Landing, Santa Cruz, Monterey Monterey
Monterey, San Luis Obispo

The annual number of ocean recreational angler fishing trips (per thousand population residing in
port area i) for chinook and coho salmon (combined) originating from port i in year t using fishing
mode M, (trips/1,000Pop)i.t.,~, can be represented by the following equation:

(Angler Tdps/1,000Pop)i,t,., = POi x (SAIi.t)pl x (RL~-~-ELi.t)P2 x :E i,t,m

where:

i indexes the port (Crescent City, Eureka, Fort Bragg, San Francisco, or Monterey).

t indexes the year (e.g., t = 1971...1991 for California).

m indexes fishing mode (m = charter boat or private boat).

SAI~.t is the salmon abundance index for port i in year t. The salmon abundance index for port
i in year t is the sum of {(1) commercial (troll) landings of chinook in port i in year t, (2)
commercial landings of coho in port i in year t, (3) recreational charter boat landings
of chinook in port i in year t, (4) recreational private boat landings of chinook in port i in
year t, and (5) recreational landings ofcoho in port i in year t} divided by 100,000.

Therefore, the SAIi.t is commercial plus recreational catch in port i in year t, measured in units
of 100,000 fish.

RLFUEL~.t is the real (inflation-adjusted) price of diesel fuel measured in cents per gallon (the
price of fuel was assumed to remain constant for this analysis).

E~.t.m is a normally distributed random error term.

13Oi, 131, and 132 are the model parameters to be estimated.
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Note that each port has a unique constant term, 13Oi, to reflect unique characteristics of the port
and the local population that are relatively constant over time. The [~Oi constant terms for each
parameter are summarized in Tables I-7 and I-8.

TABLE I-7

PARAMETER ESTIMATES FOR
SALMON FISHING TRIPS

IN RECREATIONAL CHARTER BOATS IN CALIFORNIA

Parameter Estimate Standard Error t Ratio (99df)
I~O1 (Crescent City) 1305.185 0.92999 7.7142

1302 (Eureka) 461.416 0.90998 6.7411
I~O3 (Fort Bragg) 1163.979 0.91908 7,6811
~O4 (San Francisco Bay) 313.1869 0.92301 6.2262
j3Os (Monterey) 461.416 0.90998 6.7411
131 (All California ports) 0.22699 0.086076 2.6370

132 (All California ports) -0.72120 0.1985 -3.6396

NOTES:
The 130~ parameter estimates shown above are the "unlogged" values. Their t ratios are calculated

by taking the natural logarithm of the 1301 parameter estimates and dividing by the standard
error.

The t ratios for I~1 and ~2 are estimated by taking the parameter estimates and dividing by the
standard errors.

LEGEND:
df = degrees of freedom.

Changes in recreational angler trips are estimated based on changes in the SAI. For each
California port, separate estimates are made for charter and private boat angler trips. In all cases,
the percentage increase in chinook salmon is converted into a new SAI and the recreational angler
trips are reestimated.
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TABLE I-8

PARAMETER ESTIMATES FOR
SALMON FISHING TRIPS IN

RECREATIONAL PRIVATE BOATS IN CALIFORNIA

Parameter Estimate Standard Error t Ratio (99df)
1301 (Crescent City) 11,220.530 0.82939 11.2440
1302 (Eureka) 1,544.878 0.90795 8.0871
1303 (Fort Bragg) 1,252.880 0.83988 8.4931
1304 (San Francisco Bay 45.395 0.86277 4.4223
13Os (Monterey) 1,544.878 0.90795 8.0871
131 (All California ports) 0.14812 0.07131 2.0771
1~2 (All California ports) -0.47533 0.18159 -2.6176
NOTES:

The 1301 parameter estimates shown above are the "unlogged" values. Their t ratios are calculated
by taking the natural logarithm of the 1301 parameter estimates and dividing by the standard
error.

The t ratios for 131 and 132 are estimated by taking the parameter estimates and dividing by the
standard errors.

LEGEND:
df = degrees of freedom.

Recreation M/3~ 1-24 September 1997

C--0841 71
C-084171



" . CHAPTERII

. ¯ ~. .... .~ .L ’~-- BIBLIOGRAPHY--

C--0841 72
C-084172



Chapter II

BIBLIOGRAPHY

Cooper, J., and J. Loomis, 1990, The Demand for and Net Economic Value of Waterfowl
Hunting in California’s Sacramento and San Joaquin Refuges: n.p.

,1991, Economic Value of Wildlife Resources in the San Joaquin Valley: Hunting
and Viewing Values, in A. Dinar and D. Zilberman (eds.), Economics and Management of
Water and Drainage in Agriculture: Norwell, MA, Kluwer Academic Publishers.

,1993, Testing Whether Waterfowl Hunting Benefits Increase with Greater Water
Deliveries to Wetlands: Environmental and Resource Economics, Vol. 3, pp. 541-561.

Creel, and J.B. Loomis, 1992, Recreational Value of Water to Wetlands in the San Joaquin
Valley: Linked Multinomial Logit and Count Trip Frequency Models: n.p.

Hanemanrt, M., and C. Dumas, 1996, CVPIA Impact Assessment Methodology for Fish, Wildlife
and Recreation Economics: Berkeley, University of California. Prepared for Jones &
Stokes Associates, Sacramento, CA.

Jones & Stokes Associates, Inc., 1990, Environmental Benefits Study of San Joaquin Valley’s
Fish and Wildlife Resources: Sacramento, CA. (JSA 87-150.) Prepared by J.B. Loomis,
W.M. Hanemann, and T.C. Wegge.

Loomis, J., and Creel, 1992, Recreation Benefits of Increased Flows in California’s San Joaquin
and Stanislaus Rivers: n.p.

Loomis J., B. Roach, F. Ward, and g. Ready, 1995, Testing Transferability of Recreation
Demand Models Across Regions: A Study of Corps of Engineer Reservoirs: Water
Resources Research, Vol. 31, No. 3, pp. 721-730.

Roach,B., and J. Loomis, 1996, A Travel Cost Analysis of Angler Benefits by Target Species
Along Four California Rivers: n.p. Prepared for Jones & Stokes Associates, Inc.,
Sacramento, CA~

U.S. Forest Service, 1993, An Economic Assessment of Alternative Water-Level Management for
Shasta and Trinity Lakes.

Recreation M/M II-! September 199 7

C--0841 73
C-084173



ATTACHMENT A

A TRAVEL COST ANALYSIS OF ANGLER BENEFITS BY
TARGET SPECIES ALONG FOUR CALIFORNIA RIVERS

C--0841 74
C-084174



A Travel Cost Analysis of Angler Benefits by
Target Species Along Four California Rivers

by

Dr. Brian Roach, University of California, Davis
Dr. John Loomis, Colorado State University

January 1996

Prepared for Jones & Stokes Associates, Sacramemo, CA

C--0841 75
C-084175



Abstract

This report presents a travel cost analysis of sport fishing benefits along four Califomia
rivers. These rivers include the American, Feather, Sacramento, and Yuba Rivers. The analysis
is based on angler interviews conducted by the California Department of Fish and Game from
July 1993-July 1994. The estimated model is used to estimate consumer surplus by target fish
species and destination site. Overall consumer surplus during the study period is estimated at
$7.5 million (in 1994 dollars). The highest overall benefits accrue to anglers seeking Rainbow
Trout and Stripped Bass. Average consumer surplus per angler per trip range from about $5 up
to nearly $30, depending on the site and target species. The estimated model can be used to
analyze various policy scenarios, including changes in fish catch and demographic variables. A
companion SAS policy analysis program is provided.
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Chapter 1. Introduction

I.A. Purpose and Background

The Central Valley Project Improvement Act (CVPIA) was passed into law on October
30, 1992. One of the main provisions of the CVPIA is the annual allocation of 800,000 acre-feet
of Central Valley Project water for the s01e purpose of fish, wildlife, and habitat restoration (U.S.
Bureau of Reclamation, 1994). This water allocation will impact fishing quality along California
rivers and the derived economic benefits accruing to anglers. The water scheme of the CVPIA is
likely to increase fish populations and angler catch.

As part of the impact assessment of the CVPIA, estimates are needed for the economic
value associated with changes in fishing quality. Comprehensive data is not presently available
on angler benefits for different species along California rivers (Farman and Creighton, 1994).
The purpose of this report is to provide estimates of baseline angler benefits by species for four
Californian rivers and a means to value potential changes in fishing quality. As a companion to
this report, a computer program has been provided to analyze a broad range of changes in fishing
quality.

The economic benefits estimated in this report represent a contribution to National
Economic Development (NED) benefits as described in U.S. Water Resources Council (1983).
NED benefits are the monetary value of the national output of goods and services. NED benefits
consider both market and non-market goods. The USWRC defines NED benefits as willingness
to pay. For non-market consumer goods such as recreation, willingness to pay is measured by
consumer surplus. Federal water policies should attempt to maximize NED benefits for all
affected populations. Regional economic development, including income and job impacts, are
not considered in this report. Regional economic development impacts are considered a transfer
which does not affect NED benefits.

This report analyzes recreational fishing along the American, Feather, Sacramento, and
Yuba rivers. As discussed later in the report, rivers were often divided into smaller segments for
more detailed analysis. Regional travel cost analysis is used to estimate demand curves and
economic benefits for each of several target species. These target species represent the vast
majority of recreational fishing along the included river segments. The U.S. Water Resources
Council (1983) has determined that travel cost models are appropriate for water studies which
involve specialized recreation or more than 750,000 annual visits. The methods used in this
report conform to the principles and guidelines set forth by the Council.

The travel cost models in this report are based on angler surveys conducted between July
1993 and July 1994. A cross-sectional analysis approach is taken. Regional zonal travel cost
models are estimated to facilitate policy applications. In particular, the impact of fishing quality
on angler benefits is an important issue.

C--0841 78
C-084178



I.B. Organization of the Report

This report is organized into six chapters and two appendices. Chapter 2 provides a brief
theoretical discussion of travel cost analysis and citations of related angler benefit studies.
Chapter 3 details the data collection for the models. Data sources are provided and definitions
are given for the included variables. Chapter 4 discusses the model specification and estimation.
The scope of analysis is an important issue for model specification. A summary of models
which vary by scope of analysis is presented. Chapter 5 address the policy applications of the
models. Potential applications are defined along with the required procedures. The
interpretation of model results is also considered. The first appendix presents a further
discussion on the impact of fishing quality on model results and predictions. The other appendix
presents a users guide to the companion computer program.

2
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Chapter 2. Theoretical Background and Previous Research

II.A. Travel Cost Analysis Theory

Travel cost models (TCM’s) allow measurement of consumer surplus by estimating a
demand curve for visitation to a recreation site in the absence of a market price data. Visitors
travelling to a recreation site pay a "price" equal to the cost of travel to the site. This cost
includes gas, vehicle wear, and travel time, among other costs. Since visitors travelling to a site
originate from different locations, a range of travel costs is observed across visitors. A TCM
uses the visitation rate for different travel costs, while controlling for other relevant demand
predictors, to plot out a demand curve. Consumer’s surplus can then be measured as the area
under the Marshallian demand curve but above the price level. TCM’s have widespread use for
policy analysis. First, the models can be used to predict visitation rates for different policy
options. The range of policy options that a TCM can explore depends on the independent
variables included in the model. A common use of TCM’s is estimation of the total or per-user
consumer surplus for a site. By combining both these applications, a researcher can then
estimate the change in consumer surplus due to a policy change.

The validity of a travel cost model is dependent upon the plausibility of several
assumptions. First, TCM’s commonly assume that visitors obtain no utility from travel. If a
benefit is derived fromtravel, then a visit to a recreation site becomes a joint commodity. In
other words, trip benefits would include travel benefits as well as the recreation site benefits. A
similar joint production problem is that visitors may have multiple purposes for a trip, such as
combining visits to more than one recreation site. Thus, the total travel costs to multiple sites
need to be allocated as costs amongst all sites. Using the actual travel cost to a site when
multiple destinations occur overestimates the costs associated with the visit to any one site and
biases the benefit estimates. A common remedy for this problem is to exclude multiple
destination visitors from the data. Thus, the consumer surplus estimates are based only on single
destination visitors. By assuming that multiple destination visitors obtain an average consumer
surplus similar to the average of single destination travellers, an estimate of total benefits may be
made. All demand models need to be correctly specified. In this project, applicable previous
TCM literature was reviewed to determine which independent variables to include. As the
research progressed, more variables were included as hypotheses emerged. Data collection for
these variables is described in the next chapter.

Several types of travel cost models are available to policy researchers. First, individual or
zonal TCM’s can be estimated (Rosenthal, et al., 1986). An individual TCM uses the number of
visits by an individual (or household) to a recreation site during a specified time period as the
dependent variable. Thus, a household survey is normally needed which asks the respondent to
report the number of trips taken. Individual TCM’s allow detailed data to be collected on
independent variables such as travel distance, income, and age. Individual TCM’s require
expensive surveys and may place large demands on the memory of respondents. Estimation
problems may arise with individual TCM’s if little variation is observed in the number of trips
taken, such as a preponderance of zero or one visits.

3
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The dependent variable in a zonal TCM is the number of visits from a zone of origin,
such as a county. Normally, a random sample of visitors are questioned about their origin and
aggregated to obtain a total number of visitors for an origin zone. Data collection tends to be less
expensive for zonal TCM’s since visitors can be surveyed at the site. Some specificity is
commonly lost with a zonal TCM since all visitors from a zone of origin are assumed to have
similar characteristics, such as income and travel costs.

This study uses a zonal TCM mainly due to the nature of the data. Surveys conducted
along California rivers asked anglers their origin zip code. Socio-economic data was not
collected from the respondents. Zip codes were eventually aggregated into zones of origin as
discussed later in this report.

TCM’s can also be single or multiple site models. Single site models include only one
study site. Multiple site models allow inclusion of more site specific characteristics (Loomis and
Brown, 1984) since cross-site variability is included in the models. Thus, a greater range of
policy analysis is available using a multiple site model. This study uses a multiple site regional
approach. This allows policy analysis of site fishing quality across sites, which is an important
part of this research.

An estimated travel cost model plots a demand curve for fishing at multiple sites but only
directly provides one point on a given site demand curve, the visits at the present cost level
(including any entrance charge). However, the estimated TCM can predict the number of visits
from each origin for any price change. Thus, a full site demand curve can be plotted. Consumer
surplus is then measured by integration of the demand above the entrance fee. Per-user benefits
can be calculated by dividing total consumer surplus by the number of predicted visitors.
Predicted visits can be estimated for a change in any of the independent variables. The change in
consumer surplus associated with the change can then be calculated. The issues involved in
these calculations are further described in Chapter 4.

II.B. Previous Travel Cost Research on Angler Benefits

A large volume of travel cost literature exists. A meta-analysis of travel cost models by
Smith and Kaoru (1990) collected approximately 200 recreation studies from 1970-1986. They
note that the number of travel cost studies has been increasing recently. Discussion here will
focus upon travel cost studies of angler recreation or those raising relevant issues. Some estimate
the benefits associated with a particular fish species while others do not separate species benefits.
The benefit values reported in this section are all updated to 1994 dollars for comparison with the
benefits estimated in this report.

Contingent valuation was used to estimate the benefits of fishing for several species of
fish by Charbonneau and Hay (1978) using data from the National Survey of Fishing, Hunting
and Wildlife-Associated Recreation. The average consumer surplus per day was given as $47 for
trout and salmon, $43 for bass, and $34 for catfish. The benefits of trout and catfish fishing were
also estimated by Vaughn and Russell (1982). Using a varying parameters travel cost model, the
benefits of trout fishing ranged from $16.55 to $29.43 per day. The benefits of catfish fishing
ranged between $10.57 and $18.84 per day. In a more recent analysis, Hay (1988) calculated
benefit estimates from the 1985 National Survey of Fishing, Hunting, and Wildlife-Associated
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Recreation conducted by the U.S. Fish and Wildlife Service. This survey asked contingent
valuation questions of willingness to pay. Consumer surplus estimates were given only for bass
fishing, The average benefit for bass fishing in California was given as about $30 per day.

Donnelly, et al. (1985) estimated the economic benefits of steelhead fishing in Idaho
using both travel cost analysis and contingent valuation. Across 11 fishing sites, the benefits
using travel cost ranged from $34.98 to $48.28 per trip. Using contingent valuation, the benefits
ranged more broadly, from $14.87 to $69.18 per trip. The ranking of site benefits differed
considerably using the two methods. In a similar study, Loomis and Cooper (1990a) used travel
cost analysis to estimate the benefits of trout fishing along the Feather River in California. They
results show an average consumer surplus of $25.69 per trip.

Other values for angler benefits have been used by federal agencies. Tripp and Rockland
(1990) estimated the benefits of fishing in National Forests. They use a value of $39.76 per day
for non-consumptive fishing recreation (such as catch and release) in several California National
Forests, including the Eldorado and Tahoe Forests. These forests are within 20 to 30 miles of the
sites considered in this report. However, the forests are at higher elevations and may represent a
different fishing experience. An average benefit of $47.46 per day was used for consumptive
fishing recreation. The type of fishing analyzed in this report is generally consumptive, meaning
that fish can be kept.

Connelly and Brown (1991) used a mail survey with contingent valuation questions to
measure angler consumer surplus. They report an average consumer surplus of $14.65, per trip
for all fisheries combined. Separate values for individual species or fish categories were not
reported. Another general angler benefit study is Whitehead (1992). He estimated the benefits
of fishing along the Tar-Pamlico River in North Carolina based on intercept surveys. The
dependent variable in the individual analysis was defined as the number of trips in the past
season. Only anglers using boats were considered in the study. The mean number of trips taken
by survey participants was about 34 trips. Basing benefit estimates on predicted trips, he found
average consumer surplus to be $15 per trip.

An often-cited analysis of recreational benefits is Bergstrom and Cordell (1991). This
comprehensive study considered the benefits for many types of recreational activities using a
national database. Regional zonal travel cost models were estimated for each type of activity.
Forwarmwater fishing, average consumer surplus was estimated as $13.42 per day or $21.85 per
trip. For coldwater fishing, average benefits are $19.07 per day or $39.27 per trip. Values were
also presented for anadramous fishing as $25.22 per day or $42.13 per trip.

Table 1 summarizes previous work on the benefits of recreational fishing. Comparison
between the values in Table 1 and those estimated in this study will be made in the last chapter.

5
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Chapter 3. Data Collection and Variable Definitions

III.A. General Model Specification

The data requirements for a travel cost demand analysis depend on several factors. A
more complex model will generally require more data collection. The policy applicability of a
model is conditional on the range of included independent variables. If a variable is not included
in the model, then normally no policy analysis concerning changes in that variable can be
conducted. The general travel cost model specification for this project is defined as:

VISITSijk =fn (TCij, CHAR~k, DEMOi, SUB~k) (1)

where the dependent variable is visits from origin zone i to site j for target species k, TC~ is the
travel cost from zone i to site j (including time costs), CHAR~k is a vector of site characteristics
for site j pertaining to visitors targeting species k, DEMOi is a vector of socio-economic
characteristics for origin i, and SUBi~ is some measure of substitute site available and quality
specific to an origin-site-species combination. The model specification allows for a separate
demand equation to be defined for each target species j. This issue, as well as other model
specification issues, is discussed in more detail in Chapter 4. This chapter describes the data
collection for the models. The definition and calculation of each variable considered for
inclusion in the analysis is presented. Alternate variable definitions are often given as different
means for quantifying relevant concepts.

III.B. Dependent Variable Specification

III.B. 1. Index Definitions

The visitor data for this analysis was collected from July 1993 to July 1994 along the
American, Feather, Sacramento, and Yuba Rivers in California. Interviewers, normally
travelling in boats, conducted two passes along a river stretch. On the first pass they made a
count of all anglers along the stretch. Then, they reversed direction and conducted angler
interviews. If possible, every angler who was counted was also interviewed. If too many anglers
were present for a complete interview sample, then anglers were selected for interviews in
regular intervals. Anglers were asked their origin zip code, the number of anglers in their party,
their target fish species, and the number of fish kept and released of several species. The surveys
also recorded the river location, time, and date of the survey. However, the surveys did not ask
respondents whether they were on single or multiple destination trips.

Since the dependent variable is defined as visitation from zone i to site j for target species
k, the first step is to determine the origins, sites, and target species. The choice of origins, sites,
and species should satisfy several criteria. First, the choices should produce enough observations
for statistical analysis. More observations are preferred to fewer observations since this will tend
to produce more variation in travel costs. A similar consideration is inclusion of a sufficient
number of sampled visitors in each model. A model which is based on an excessively small
number of visitors may not contain sufficient variation in visits across origin zones to estimate
valid and reliable coefficients. Next, the definitions should minimize the number of observations
for which no sample visits are observed. A large proportion of observations with zero sampled
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visits may not produce enough variation in visitation rates for reliable statistical estimation.
Also, it may be indicative of the inclusion of zones which should not be in the market area for the
site. Outside of the market area, inclusion of additional origin zones provides only random
patterns of visitations. However, the market areas included in the analysis should capture the
vast majority of all sampled visitors. Otherwise, the behavioral predictions of the model would
be suspect when extrapolated outside of the market areas. Another factor to consider is the
availability of zone socio-economic data. The origin zones should not be chosen so the
collection of demographic data becomes excessively difficult. Finally, enough sites should be
defined for each model to produce variation in site characteristics. Otherwise, the validity of the
coefficients for site specific variables may be highly suspect. There are no set rules for choosing
origin zones and sites. The final choices in this report reflect the tradeoffs between the above
considerations.

III.B.2. Visitor Definitions

The dependent variable in a travel cost analysis is some measure of visitation. This
analysis considers an angler party to be the basis for aggregation of visitation. Each observation
in the angler surveys is composed of an angler party. While the surveys can also be aggregated
on the basis of individual anglers, using angler parties provides an advantage. In many cases, a
small number of angler parties from an origin are observed visiting a destination for a given
target species. As discussed below, sample visitation expansion is necessary to control for
sampling differences. Suppose one angler party is observed in the sample for a given origin-site-
species combination with a sample visitation expansion factor of 20. With one angler party
visiting in the sample, an estimate of 20 angler parties would be produced for the population.

Now, suppose visitors are used as the basis for visitation estimates. If one angler party
with one visitor is observed for an origin-site-species combination, an estimate of 20 population
visitors would be obtained. However, if one angler party with four visitors is observed, an
estimate of 80 total visitors would be produced. With a small number of angler parties, the
visitation estimate is highly dependent on the number of anglers in the parties observed. When a
large number of angler parties are observed, the number of anglers per party would converge to
the population average. With a small number of observed angler parties, it is possible that
unrepresentative parties may be included in the sample. Defining angler parties as the unit of
visitation eliminates this problem.

This analysis defines the dependent variable as estimated total angler party visitation
during the study period from zone i to site j targeting species k. Note that a visitation per capita
variable is not defined. The rationale behind this choice is that the log-linear model specification
allows zone population to be stated as an independent variable without losing the properties of a
visitation per capita model. Also, specifying population as an independent variable allows the
estimation of a coefficient on it. Such an approach was taken by Bergstrom and Cordell (1991)
with good results. A visitation per capita model assumes that visitation increases proportionally
with population increases. However, a reasonable hypothesis is that less populated rural zones
may display different recreation patterns that more populated urban zones. Previous work has
indicated visitation disparity exists between rural and urban zones (Vaughn and Russell, 1982).
Including population as an independent variable allows an explicit test of this hypothesis.

7
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III.B.3. Destination Sites

Site destinations are based on individual rivers for the American, Feather, and Yuba
Rivers. For the angler surveys, the American River stretch covers 22 miles. The river miles
along the American River are defined from river mile 501 to river mile 523. The Feather River
stretch includes 67 miles (river miles 400 to 467). The Yuba River stretch only covers 19 miles
(river miles 600 to 619). Since the Sacramento River stretch covers a total of 322 miles (river
miles -23 to 299), it is far too long to be considered as one destination. The survey data, as
originally obtained, divided the Sacramento River into four lengths, ranging from about 50 to
150 miles with some minor overlap. These four river stretches are used as the basis for site
definitions along the Sacramento River. These sites are referred to as SAC 1, SAC2, SAC3, and
SAC4. The SAC 1 stretch starts at Carquinez Straits near the southern outlet of the river into San
Francisco Bay and SAC4 ends at the A.C.I.D. Dam near Redding. Thus, a total of seven river
stretches are used as the basis for site definitions. These will be referred to as "base" destination
sites. By applying each of these river segments to each potential target species, further division
or aggregation was often necessary to satisfy the model specification criteria discussed above.
The exact site definitions are discussed below.

Table 2 shows the number of interview surveys conducted along each stretch of river for
each target species. The table shows that many site-species combinations are obviously not
feasible for analysis. A minimum of 50-100 interview observations should produce enough
variation in visitation rates across origin zones. Policy applications allow the catfish and black
bass target species to be combined in order to increase the sample sizes for these species.
Combining adjacent river stretches was needed in several cases to increase the number of survey
interviews. Many of the river stretches listed in Table 2 were further divided to increase the
variation in site characteristics.

The final choice of destination sites is presented in Table 3. These are referred to as
"final" destination sites. These are often the same as the "base" destination sites but some base
river stretches were divided into two or three segments. Other base river segments were
combined to produce a final destination site. Table 4 details the division of river stretches. The
exact division of a base river stretch varied by target species since visitor distributions varied.
Up to three base river stretches were combined to increase the sample size of angler interviews at
a site. Many other stretches were excluded from the analysis for one or more target species due
to insufficient completed interviews. Since few completed interviews indicates little angler use,
the omission of these species-site combinations does not significantly affect the policy results.

III.B.4. Market Areas

In a travel cost analysis, visitation rates to a site are expected to decline as the travel cost
(price) is increased. As the travel cost is increased by moving geographically further from the
destination site, visitation is eventually expected to approach zero or be purely random. In this
analysis, the market area around a destination site is defined as the area where non-random
visitation patterns are observed. Inclusion of origins outside this area then provide little or no
additional information on visitation patterns.
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Besides defining the geographical limit of the travel cost model applicability, a market
area approach also addresses the multi-destination traveller problem. As mentioned above, the
angler surveys did not ask respondents whether they were on multi-destination trips. Multi-
destination travellers are essentially jointly producing more than one good and the total cost of
the trip should be allocated amongst each good or destination. Without the proper data, all multi-
destination travellers are normally excluded from the travel cost modelling process. They are
assumed to obtain economic benefits from their visit equal to the average benefit of the single
destination travellers. Previous work (Roach, 1995) has shown that the majority of visitors
within a market area tend to be single destination travellers while those visiting from distant
origins tend to be multi-destination travellers.

The market areas for each destination site were chosen on the basis of visual inspection.
A map of California indicating county boundaries was obtained. For each of the seven base
destination sites, the frequency of visitation for each county was calculated using the SAS
computer program. Using a different map for each destination site, the number of sampled
visitors from each county was recorded on the map. As would be expected, the number of
visitors was high around the destination and declined as one moved away from the site. Moving
outward from each destination, eventually the majority of counties had no sampled visitors.
Where non-random visitation seemed to cease, the limit of the market area was defined. For
each base destination site, a list was made of the counties within the market area.

Market areas were further defined for each target species. Thus, the list of counties for
each base destination gave the maximum possible size of the market area. However, some
counties were excluded for particular species if visitation seemed to be more concentrated around
the destination. Also, base destination sites which were divided, given in Table 4, often called
for smaller market areas. The final market areas chosen contain the vast majority of sampled
visitors (about 97%). The one-way travel distance within the market area to a given site ranges
up to nearly 300 miles. The majority of origins (74%) are still within 100 miles one-way travel
distance and only 7% are greater than 150 miles from the destination.

III.B.5. Origin Zones

The initial phase in data base assembly defined origins at the county level. Information
on socio-economic variables is relatively easy to obtain at the county level. Counties tend to be
large enough so that positive sample visitation is observed from the majority of origins in the
data set. Using counties as origins produced a data set which contained 1154 observations.

The main weakness is that the range of travel distances to a site from a given county can
vary considerably, especially for counties near a site. Another weakness is that demographic data
may be too aggregated for sufficient variation in independent variables. An attempt to minimize
these weaknesses was made by dividing some counties into smaller units. This issue is discussed
below.

In this analysis, the origin city within each county which was listed as the most common
origin by all anglers in the sample was chosen as the common origin point. Obviously, using a
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common origin within a county induces error into the travel cost variable. Depending on the
location of the common origin town within a county, travel cost for many county anglers will be
overstated or understated. The error will be particularly large, in terms of percent error, for
counties which are near to a destination site. Also, one value for travel costs will not be a valid
approximation for counties with more than one major population area.

The problems associated with a common origin for each county can be reduced by
dividing counties into smaller units. However, dividing all counties in the sample would make
collection of socio-economic data more difficult and would complicate other steps in the data
base assembly. Also, further division is not needed for counties which are far away from the
destination site, have an obvious population center, or have few sampled visitors. The decision
was made to divide a limited number of counties since socio-economic data for these sub-units
would have to be collected manually.

A decision rule was made where all counties with more than 35 sampled visitors targeting
a particular species at a given site where considered for further division. For this purpose, sites
are defined as in the final data set, including the subdivisions given in Table 4. This decision
rule produced a total of 74 county-site-species combinations which were considered for division.
For each of these combinations, a frequency table was obtained using SAS which listed the
number of sampled visitors originating from each town within the county. In cases where the
vast majority of visitors (about 90% or more) originated from the same town or metropolitan
area, no division of the county was considered necessary. However, 61 of the 74 county
combinations were divided into smaller units.

All divisions of counties were conducted manually. Detailed maps of each county were
obtained. The location of each city which appeared as an origin town was noted. Depending on
the number of sampled visitors and the size of the county, each county was divided into two to
eight subdivisions. For each subdivision, a common origin town was chosen. Normally, this
was the town with the greatest number of sampled visitors within that subdivision. Occasionally,
a common origin town was chosen on the basis of geographic centrality. The process of county
division added a total of 134 observations to the data set, resulting in a data set with 1288
observations.

III.B.6. Total Estimated Site Visitation

The different destination sites were surveyed at different rates. If the dependent variable
is defined as the number of sampled visits from origin i to site j for species k, sampling rate
would not be controlled. The resulting model would predict higher visitation at sites which were
surveyed at higher rates. Isolation of visitation behavioral patterns from survey rate differences
would be extremely difficult.

Sampling rates are controlled in this analysis by expanding sampled visits to an estimate
of total visitation. Sample visitation expansion factors (SVEF’s) are used to expand sample
visits. SVEF’s are specific to a base destination site-species combination. For example, assume
a total of 500 angler parties are sampled at site i targeting species k. Let known total angler party
visitation at site i targeting species k be 20,000. In this case, the SVEF is 40 (20,000/500). If the
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number of sampled angler parties from each origin to the site is multiplied by this SVEF of 40,
then an estimated geographic distribution of total visitation is produced. The SVEF is based on
the assumption that the sample is representative of total visitation. The validity of this
assumption depends on the sampling scheme. As long as visitors are randomly sampled at
different points along a river stretch, then the expansion should produce a reasonably accurate
distribution of total visitation,

As an input into the SVEF’s, total angler party visitation at each site needs to be
determined. Since no independent estimates of site visitation are available, an estimate needed to
be made from the count data of anglers. The visitor estimates separate boating anglers from
shore anglers since initial project planning considered the option of separate models for each type
of angler. The conclusion was eventually reached that insufficient observations were available to
estimate separate models. The visitation estimation is conducted for each of the seven base river
stretches described above.

The objective is to obtain an estimate of total monthly visitation of shore and boat anglers
at each base destination site. Visitation rates are expected to vary by month. Also, visitation
rates are likely to differ whether a weekday or weekend is considered. For each data count
observation, a weekend or weekday designation was attached. The computer program SAS was
then used to sum shore anglers and boat anglers by month and weekend!weekday. Define these
totals as S_ANGLERSmw and B_A.NGLERSmw for m--month of surveying and w=d for weekday
and w=e for weekend. These values are given in Tables 5 and 6 for boat anglers and shore
anglers respectively.

Next, the number of weekday and weekend days surveyed for each base destination site
and each month was determined from the angler count files. Define these variables as
SURVEY_WDm for the number of weekday days surveyed in month m and SURVEY_WEm for
the number of weekend days surveyed in month m. A calendar was used to determine the total
number of weekday (TOTAL_WDm) and weekend (TOTAL_WEm) days in each month of the
survey period. Thus, the proportion of weekday and weekend days surveyed for each month
during the study period can be defined as:

PART_WDm = SURVEY_WDm / TOTAL_WDm and
PART_WE~, = SURVEY_WEm / TOTAL_WEm (2)

for ,each month of the study period. An estimate of the total monthly weekday and weekend
anglers can then be obtained by multiplying (1/PART_WDm) by the weekday values in Tables 5
and 6 and multiplying (l/PART_WEre) by the weekend values in Tables 5 and 6. These totals are
summed by site to obtain an "unadjusted" estimate of total boat and shore angler count. These
values are presented in Tables 7 and 8 respectively.

One final adjustment must be made to increase the accuracy of the population visit totals.
The survey area along each stretch of fiver covers from 19 to 163 miles. Many of the survey trips
did not cover the entire length of the fiver stretch under study. Therefore, the values in Tables 7
and 8 are too low. The numbers need to be extrapolated as if the entire stretch of fiver were
surveyed.
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Once again, the angler count files were used to determine the appropriate extrapolation
factor. Using the computer program SAS, the maximum (RIVMILE~L~C) and minimum
(RIVMILE~n,~) river mile surveyed during each survey day. The distance surveyed for any
particular day is thus (RIVMILE~x - RIVMILE~rt~). This is then divided by the total length of
each stretch of river to obtain the proportion of river miles surveyed during each survey day
(PROPORTIONal). These proportions are averaged by month to produce a monthly average for
the proportion of potential river miles surveyed. By dividing one by this monthly ratio, one
obtains the appropriate monthly expansion factor for the values in Tables 7 and 8. Note that the
expansions of the boat and shore anglers are the same since the surveys did not concentrate on
one type of angler.

During the winter months, it was apparent that the values of PROPORTIONd were often
biased downward because river miles were not recorded unless some anglers were present. Thus,
if a survey trip started at river mile 55 but no anglers were observed until mile 60, then five miles
of surveying would not be recorded in the angler count files. Only surveying along the American
River (AR) always covered the entire stretch of the river. However, winter values for
PROPORTIONd for the American River were around 0.80 since no anglers were often seen at the
beginning or end of a surveying trip. On the basis of this information, the winter values of
PROPORTIONal for other sites were adjusted upwards. The adjustment varied according to the
values of PROPORTIONd during other months at that particular site.

The final adjusted visit totals are presented in Tables 9 and 10. These values represent
the best estimate of total boat and shore angler visitation based on the above assumptions about
sample expansion. Table 11 presents the total estimate of both types of visitors for each site
along with the proportion of visitors fishing from boats and the shore. The total estimate of
fishing visitors for the study period is about 263,600 anglers.

The values in Table 11 were compared with those of Wixom, Pisciotto, and Lake (1995).
The Wixom, et al. report estimates annual angler visitor hours by base site and species for 1991-
1994 using the same angler surveys considered in this report. Conversion between angler hours
and visitors is needed to compare use estimates. Unfortunately, the average length of an angler
visit is difficult to determine from the angler interviews. Since anglers may continue fishing after
the interview, the total length of the visit is not recorded. The report of Tripp and Rockland
(1990) uses a conversion of 2.76 fishing days per recreation visitor day (12 hours of fishing),
implying an average length of stay of 4.35 hours. A visitor day has also been defined as six
visitor hours (Jones and Stokes, Assoc., 1992). Assume that the average length of an angler visit
is 5.2 hours, the midpoint of these two average length of stay estimates.

The Wixom, et al. report estimates total angler use along the four rivers as 2,626,451
hours in 1993 and 2,740,026 hours in 1994. These values convert to 505,100 visits in 1993 and
526,900 visits in 1994. Table 11 shows visitation during the study period (slightly longer than
one year) as 263,600 anglers, about half the values reported by Wixom, et al. The discrepancy is
likely due to uncounted visitors during survey days. During any survey day, it seems likely that
all anglers who visited that day were not observed. The estimates in Table 11 assume that all
visitors were observed on survey days. The discrepancy between the values in Table 11 and
those of Wixom, et aI. can be eliminated if one assumes that only about half of the anglers during
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a survey day were observed. Thus, some anglers may have already left before surveying
commenced and some may have arrived after surveying was completed for the day. To adjust for
the omission of these anglers, the values in Table 11 need to all be adjusted upwards by a factor
of two. Total angler visitation in Table 11 would then be about 527,000. This figure is similar to
the annual values obtained by Wixom, et al. All further estimates of use reflect this adjustment
factor.

III.B.7. Sample Expansion

The total visitation estimates in Table 11 (adjusted upwards by a factor of two as
discussed above) form the basis for the SVEF’s. The angler interview surveys are analyzed to
find the number of sampled angler parties by base destination site and species. The sample
visitation figures need to be expanded by the appropriate SVEF to produce an estimate of total
angler parties by site and species. The SVEF’s will vary mainly by site but will also vary across
species at a site.

The first step is to take the total visitation estimates in Table 11 and produce an estimate
of total visitation for each target species by site. This is accomplished by using the angler
interview files and determining, by site, how many anglers targeted each species. The results are
presented in Table 12. Note that the values in Table 12 include the adjustment factor of two
discussed in the previous section.

Next, the proportion of visitors targeting each species is calculated from Table 12. Using
these proportions, the total visitation estimates in Table 11 can be divided amongst species. The
results, given in Table 13, represent the estimate of total angler visitation for each target species
to each base destination site during the study period.

The next conversion is from angler counts to angler party counts. The appropriate
conversion factors are obtained by dividing the number of sampled anglers targeting each species
at each site by the number of angler parties targeting the species at the site. The average number
of anglers per party are given in Table 14. Using the values in Tables 13 and 14, one can now
estimate the total number of angler parties targeting each species at each base destination site.
These estimated are presented in Table 15.

The next issue to consider is the variability in market area visitation proportions. The
SVEF should only expand to all visitors in the market area. The proportion of visitors originated
from within the defined market areas is likely to vary by destination site and species. The
proportions are determined by first recording the total number of sampled angler parties by
destination site and target species. Next, record the number of sampled angler parties originating
from within the market areas by site and species. These values are given in Table 16. Once the
proportions are calculated, they can be used to convert the values in Table 15 into an estimate of
market area angler parties. The results are given in Table 17.

The SVEF’s are now calculated by dividing the values in Table 17 by the matching values
in Table 16. The SVEF’s are presented in Table 18. On average, about one out of every 20 or 30
anglers were surveyed during the study period. Note that the SVEF’s are the same for base river
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segments. The SVEF’s for a river segment subdivision (as defined in Table 4) are same for all
subdivisions of a site for a given target species. These expansion factors will now be used to
calculate the dependent variable.

III.B.8. Dependent Variable Calculation

The number of sampled visitors from each origin i within the market area to each
destination site j targeting each species k was determined (SAMPLEDi~k). The dependent
variable can then be calculated as:

VISITSijk = SAMPLEDijk * SVEF0k. (3)

Note that if SAMPLEDijk=0, VISITS0k will also be equal to zero. Estimating VISITS~k as zero is
problematic for two reasons. First, one may ask whether zero is the "best" estimate of total
origin visitation considering the survey rate. Second, an additional technical problem arises
when attempting to log transform a zero dependent variable. One possibility is to redefine zones
of origin until all zones show positive sampled visitation (Rosenthal, et al., 1986). However, the
grouping of counties into larger zones would reduce the variability of demographic variables and
travel costs. Another possible remedy to this problem is to add a small constant to the variable to
allow log transformation. However, the choice of the constant is arbitrary and different constants
can produce different statistical results. Of course, several statistical approaches are available
which allow estimation with zeros for the dependent variable.

The approach taken in this study involves thinking about the entire process of
extrapolating from the sample to the population values. First, one needs to differentiate between
the observed sample value of visits (SAMPLED0k) and the expected sample value
[E(SAMPLEDijk)]. The expected value of SAMPLEDi~k would be obtained by observing the
actual total number of visitors from origin i to site j targeting species k and multiplying by the
proportion of visitors surveyed. In this study, the expected value of SAMPLEDi~k is unknown
since actual origin visitation is unknown. Note that while SAMPLED~k is an integer,
[E(SAMPLEDi~k)] can be non-integer.

The difference between the two concepts can be best illustrated with an example. In a
simple case, assume one knows that origin i sends a total of 8 anglers to site j during a year.
Also, assume that 1 out of every 20 visitors to site j are sampled. This would produce a sample
expansion factor of 20 (reasonable for this study). The expected value of SAMPLED~jk (the
number of anglers from origin i surveyed) in this case is:

E(SAMPLEDijk) = 8 * (1/20) -- 0.40.

One can’t observe a value of 0.40 for SAMPLED~jk since it must be an integer. When integers
must be observed and only a single sample is obtained, one is expected to observe a value of zero
if the expected value is less than 0.5 and a value of 1 if the expected value if greater than 0.5 but
less than 1.5. In the above example, one is more likely to observe a 0 for SAMPLEDi~k since the
E(SAMPLEDi~k)=0.40, which is less than 0.5.
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Using the procedure described above for estimating total visits (equation 3), the estimated
value of VISITSijk would be zero for this particular origin. However, the true value of VISITSijk
is 8 and some error has been induced into the analysis. The procedure described below will
attempt to reduce such errors to a minimum.

If the sample is random with respect sampled visitation from different origins, then any
observed value of 0 of SAMPLEDijk arises because (0 < E(SAMPLEDi~0 < 0.5). It follows that:

E(VISITSij0=E(SAMPLEDi~0* SVEFij~ and
0 < E(VISITS~) < (0.5*SAMPLED~). (4)

Now, if one uses equation (3) when the observed SAMPLED0k=0, a result of zero will always be
obtained for VISITSij~. From equation (4) it is known that E(VISITSij0 ranges between zero and
(0.5*SVEFi~k).

An important question becomes whether VISITS~0 is the best estimate when
SAMPLEDi~=0. In repeated sampling, estimates of VISITSi~ would be expected to converge to
E(VISITSi~). If (E(VISITSi~0 > 0), one may occasionally observe SAMPLED~jk=0 in repeated
sampling. Unfortunately, only one sample is available in this analysis.

One factor equation (3) does not incorporate is that observed zero values of SAMPLEDiik
become more meaningful as the sampling rate is increased. Consider the above example; instead
of a sampling rate of 1 out of 20, suppose the rate is 1 out of 30. The E(SAMPLED~0 would be:

E(SAMPLEDi~) = 8 * (1/30) = 0.267.

Again, one would expect to observe SAMPLEDi~k=0 with one sample. Assuming a random
sample, one can figure the expected bounds for VISITS~jk. When 1 out of 20 visitors are
sampled, the bounds are:

0 < E(VISITSi~z) < (0.5*SVEF~0=(0.5*20)=I 0.

When 1 out of 30 visitors are sampled, the bounds are:

0 < E(VISITS~j~) < (0.5*SVEFi~0=(0.5*30)=I 5.

Thus, when the sampling rate is increased, tighter bounds can be placed on the expected range of
VISITSi~. If one always sets VISITSij~=0 when SAMPLEDij~=0, then the assumption is
implicitly made that E(VISITS~0 always falls at the lower limit of its range. Without any
information on the distribution of visitors when SAMPLEDi~0, the best estimate of
E(VISITSii0 is the midpoint of its expected range:

E(VISITSi~0=0.5*(0.5*SVEF~z)=(0.25*SVEF00. (5)
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Thus, the value of VISITS0k should, on average, be equal to 0.25 times the sample visitation
expansion factor when SAMPLEDijk=0. Considering the above example, if (VISITSijk =
0.25*SVEFijk) the values of VISITS~k would be 5 or 7.5, depending on the sampling rate. In both
cases, these estimates of VISITS~j~ are closer to the true value of 8 than if zero was used as the
estimate of VISITS~j~. Thus, setting VISITS~ = (0.25*SVEF~) when SAMPLEDij~=0 appears to
be more accurate than setting VISITSi~=0 as described in equation (3). This also accounts for
different sampling rates since the value of SVEFjk is a function of the sampling rate. Adjustment
of sample zeros when expanding to the population has previously been presented in Loomis, et
al. (1995) with good results. The procedure allows values of zero for the sample to be included
in log-linear OLS models with a reasonably non-arbitrary adjustment.

III.C. Independent Variables

III.C. 1. Included Independent Variables

Many independent variables were considered for inclusion in this analysis. These are
divided into four basic categories: travel costs, substitutes, site quality, and socio-economic or
demographic variables. Each of these categories is discussed below.

III.C.2. Travel Costs

The travel cost variable contains two elements, an out-of-pocket travel cost expenditure
and a time cost. Monetary travel costs require an estimate of the distance between origin i and
destination site j. Time costs require an estimate of the travel time from origin i to site j. As
discussed previously, a common origin town was chosen for each origin zone. The computer
program PCMiler was used to calculated the one-way travel distance and time from each origin
town to each destination site. However, each destination site offered several possible fishing
locations. Also, final destination sites often encompassed a long river stretch, occasionally over
100 miles. Thus, a common destination point for each destination site would result in significant
error in travel distances and times. A map of each destination site was obtained. Probable
destination points along the site were noted such as boat ramps, road access, etc. Note that a
destination "site" may contain many destination "points" or fishing locations. On average,
destination points were chosen about 10 miles apart along each river stretch. This resulted in up
to 10 possible destination points for the seven base destination sites and 20 possible destination
sites for each of the final destination sites.

PCMiler requires an input of the origin and destination town. The nearest town to each
destination point was chosen by inspection of maps. PCMiler then calculated the one-way travel
mileage and time from each zone’s origin town in the market area to each possible destination
point along a given river segment. Mileage and time values were added to adjust for the distance
from the destination town to the actual destination point on the river. It was assumed that anglers
travelled to the nearest destination point along each river segment. Actual travel cost data or
actual destinations were not known. This conservative approach minimizes travel costs.
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The mileage estimates then need to be converted to costs. Vehicle operations costs were
obtained from the American Automobile Manufacturers Association (1994). Average variable
vehicle operating costs per mile for 1994 are given as $0.092 per mile. Travel time is valued at
one-third the average origin wage rate. This value is consistent with the recommendations of the
U.S. Water Resource Council (1983) as the opportunity cost of travel time. It also reflects the
median of Cesado’s (1976) survey on the revealed value of travel time in the transportation
literature, and has been widely used in subsequent travel cost model (Ward and Loomis, 1986).
Each angler in the visitor party contributes a time cost. The final travel cost variable is defined

COSTijk = 2 * [(MILES~j * $0.092) +
(1/3 * TIMEi~ * GROUPjk * WAGEi)] (6)

where MILESij is the one-way travel distance from origin i to site j, TIMEi~ is the one-way travel
distance from origin i to site j, GROUP is the average number of anglers per party at destination
seeking target species k, and WAGEi is the average wage rate for origin i. The variable COSTi~k
is the estimated cost per angler party to visit site j from origin i. Note that each member of the
angler party must expend the same time costs.

III.C.3. Socio-Economic Variables

Several socio-economic variables are included in this analysis. Most of the data for these
variables were obtained from the USACounties CD-ROM (1994), which contains many variables
at the county level. Data at the town level were obtained from the City and County Databook
(1994), also available on CD-ROM.

As discussed previously, counties were exclusively used as the initial origin zones. Data
were collected based on the most recent available records. The population of each county was
obtained for 1992. County data for 1990 were collected for population density, median age,
percent of the population over age 65, median years of completed education for those above 25
years of age, per capita income, and unemployment rates. Each of these variables were
considered for inclusion in the travel demand models. Income has been included in nearly all
travel cost analyses of recreation fishing with mixed results. In an individual travel cost model
by Ribaudo and Piper (1991) the coefficient on income was negative and significant. However,
the model of Bergstrom and Cordell (1991) included a positive and significant coefficient on
income. Other results (Patrick, et al., 1991) have shown income to be insignificant. Age has
been included in other travel cost analyses (Ribaudo and Piper, 1991) with generally insignificant
results.

The travel cost variable detailed in the previous section requires the average zonal wage
rate. Direct information on average county wage rates could not be found. The average wage
rate was estimated using the following procedure. The average per capita income was multiplied
by the zonal population to produce an estimate of the total zonal income. This value was divided
by the number of people in the work force less unemployed workers. The resulting estimate of
average annual income was then divided by 2080, the number of hours in a work year.
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Many counties were divided into smaller zones to improve the accuracy of the model.
Unfortunately, the smaller zones did not correspond to any recording tract for socio-economic
data. For each subdivision, a list was made of the included towns. A search was made for data
concerning each town. Census records maintain data on towns with more than 2,500 individuals.
Available town population records were summed for each subdivision. Normally, the sum of all
town populations did not add up to the known total county population. Therefore, the population
of subdivisions within a county were scaled upward by the appropriate factor so total county
population was fully distributed. Data on per capita income, unemployment rates, and median
age were also available at the town level. For each subdivision, data on these variables for the
common origin town were entered into the data set. Subdivision wage rates were also calculated
based on the per capita income of the common origin town. Zonal population densities were
estimated by approximating the square mileage of each origin subdivision. Since town level data
were not available for the other socio-economic variables, county values were used.

III.C.4. Study Site Fishing Quality Variables

Fishing quality is defined for the study site from the angler interviews. The angler
interviews obtained data on the number of fish kept and released of each target species. For each
fiver stretch, the number kept and released of the target species was summed for the sample. By
dividing by the fishing hours of the sample, the site catch rate for the target species is estimated.
An estimate of total fiver segment catch is calculated by multiplying by the site SVEF. This
assumes that a random sample of anglers was obtained with representative catch rates.

Several possibilities exist to define target species fishing quality along a fiver segment.
The catch rate of the target species, in terms of catch per hour, was included in the data set. The
catch rate has been included as an independent variable in several travel cost analyses of
recreational fishing. Catch per day was considered by Vaughn and Russell (1982) with positive
and significant results. A catch rate variable was also included by Patrick, et al. (1991) and
Bergstrom and Cordell (1991) with generally similar results.

Estimated total target species catch at a site may be more indicative of the quality of the
site. Such a variable was used by Loomis and Cooper (1990b) and Loomis (1992) with good
results. The length of each fiver segment was obtained to calculate a catch per mile variable.
Another possible variable is the proportion of target species catch kept by interviewed anglers. A
higher proportion kept would suggest better fishing quality.

Anglers targeting one species often caught other species. For anglers targeting a species,
the catch of non-target species was entered into the data set. Note that this includes only the
catch of non-target species by those anglers targeting a given species, not the total catch of these
species along the study site. Most of the catch of each species is made by anglers targeting that
species.

III.C.5. Substitute Fishing Quality

This analysis considers available substitutes to be the other river segments covered by the
angler interviews. Thus, lake, reservoir, and ocean fishing are not considered as potential
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substitutes. Also, fishing quality data on these sources would be difficult to collect and may not
be available. Substitute variables have generally not been included in past studies of recreational
fishing, probably due to data collection difficulties. An exception is Bergstrom and Cordell
(1991) which included a substitute quality index. The estimated coefficient on this variable was
generally negative and significant.

Two attributes of substitute sites must be considered, price and quality. The impact of a
substitute on visitation is expected to be higher for better quality sites which are located near an
origin zone. Since the travel demand models are based on target species, only target species
substitute fishing quality is included in this analysis. Substitute fishing quality was defined as
the total estimated catch of the target species at the other river segment sites.

The price of a visit to a substitute site was specified in the substitute variable by
calculating the one-way travel distance from the origin zone to each substitute site. Again,
PCMiler was used for these calculations. The final substitute variable is calculated as an index
similar to Knetsch, et al. (1976) and Loomis, et al. (1995):

N
SUB_INDEXijk = ~] CATCH~ / MILESi, (7)

n=l

where CATCHy, is the estimated total catch of target species k at all N river segments besides
site j defined for that k species and MILESi, is the one-way travel distance from origin zone i to
substitute site n. Note that if there are J sites included in the analysis for target species k, there
will be N=(J- 1) substitute sites. Travel distances to substitute sites consider all possible
destination points along substitute site n and include the minimum travel distance. The
coefficient on SUB_INDEXijk is expected to be negative. Note that policy scenarios which
change the catch of the target species at any one study site will result in a change in visitation for
that target species at all study sites.

III.C.6. Summary of Independent Variables

A list of all variables considered for inclusion into the models is presented in Table 19.
Not all variables will be included in the final models. Some variables represent very similar
concepts, such as TOTAL CATCHjk and CATCH RATEjk, and only the variable which performs
best will be included in the final models.
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Chapter 4. Model Specification and Estimation

IV.A. Model Specification

The models estimated for this analysis must satisfy several criteria. First, the models
should be structured to provide results which agree with theoretical expectations. Mainly, the
models should indicate decreasing marginal benefits for increases in fishing quality. Next, the
models should provide sufficient degrees of freedom for valid model estimation. Finally, the
models should be relatively easy to use for policy analysis.

The models estimated in this analysis are specified as log-linear in structure. The basic
specification of a log-linear model is:

Ln (Yi) =flo + (/31 * Ln(X~i)) + ... + (ft, * Ln(X,i)) + ~ (8)

where � is normally distributed with a mean of 0. This model can be transformed by using each
side of equation (8) as exponents to the number e to get:

Yi = e~° * Xg! * ... * X~.ni * e ~.                                         (9)

where e ~ is log-normally distributed. The log-linear model can be estimated using ordinary least
squares on equation (8) or through non-linear estimation of equation (9). The models described
in this report generally use equation 8 for model estimation due to its simplicity.

The log-linear models have several appealing features. First, log-linear models have
generally produced good travel cost results in past studies (Loomis and Cooper, 1990b, Ward, et
al. 1996). Next, the constant elasticity of the model insures that decreasing marginal benefits
will be displayed as long as the coefficient is less than one in absolute value. The log-linear
model is also easy to apply since benefits per visitor unit are constant for changes in all
independent variables except travel costs. Thus, only the change in visitation needs to be
calculated to estimate the impact of a policy scenario. Of course, there are disadvantages to the
log-linear specification. Constant benefits per visitor may be unrealistic, especially when large
quality changes are considered. Also, the log of zero is undefined. Some technique for dealing
with zeros must be devised when some values of either the dependent or independent variables
are zero. Overall, the log-linear model meets the requirements of this analysis. Furore work may
determine how other approaches compare the log-linear models in this report.

Several types of log-linear models were considered in this analysis. The least specific
approach is to estimate one model with all 1288 observations. This would result in a single
coefficient for each included independent variable. However, this approach hasproblems since
expected quality variations across species are not accounted. In other words, a low catch rate of
0.05 per hour may be expected for salmon but a reasonable catch rate for stripped bass may be
0.30.
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Initial project planning suggested a separate model for each target species. This requires
the division of the 1288 observation data set into eight separate data sets, one for each target
species. Each species’ model would then be estimated independent of the data for other target
species visitation. The degrees of freedom on this approach is limited by the number of sites for
site specific variables. The estimation of a fishing quality coefficient is dependent on variation in
six to nine destination sites.

A refinement of the separate species approach is seemingly unrelated regression (SUR).
See Greene (1993) for a description of the technique. This allows estimation of a separate
demand equation for each destination site as well as for each target species. The SUR approach
provides a more specific model than the approaches described above. A more specific model is
desirable since it produces more variation in site benefits, assuming such variations exist.
However, degrees of freedom limitations are the greatest for the SUR models. Note that some
independent variables considered for the models do not vary across observations for a site-
species combination, such as site fishing quality. Thus, estimation of a separate coefficient
across sites for these variables using SUR is not statistically feasible. Still, the SUR approach
allows estimation of a single coefficient for such variables across sites while still allowing the
coefficients on other variables to vary across sites. Appropriate restrictions are defined to specify
which variables should have a common coefficient.

The choice of model specification is also dependent on the policy applications of the
model. The models presented in this report are to be used to estimate the impact of increases in
fish catch. The model predictions should indicate an increases in visitation in benefits if the
catch of a species is increased either at one site or at all sites. Note that this is not insured simply
with a positive coefficient on own-site fishing quality. An expected negative coefficient on
SUB_INDEX implies a substitution effect. If fishing quality is increased at one site, a positive
own-site quality coefficient will predict an increase in visitation. A negative coefficient on
SUB_INDEX means that visitation will decrease at other sites. Intuition suggests that overall
angler visitation and benefits should not decrease as a result of a fishing quality increase at one
site. Therefore, the own-site quality effect should be greater than the combined substitution
effect. Also, if fishing quality is increased equally at all sites, then overall visitation and benefits
should increase.

IV.B. Model Estimation

As mentioned above, initial project plans were to estimate species specific models. If
such models performed well, then SUR was to be considered for additional specificity. Species
specific models were estimated for all species. Table 20 presents the results of each model. The
overall explanatory power of the models is high with most explaining about 65% of the variation
in the log of angler party visitation. All coefficients on travel cost are highly significant. Except
for the ANY target species model, all coefficients on own-site catch are positive. Some
unexpected results are displayed by the models. The coefficients on own-site catch imply that
increasing marginal benefits of catch increases are implied for American Shad and Rainbow
Trout, even when one adjusts for the negative substitution effect. Increasing marginal benefits
may also be implied for Steelhead Trout due to the positive coefficient on SUB_INDEX. Also, a
visitation and benefit decrease is predicted when King Salmon catch is increased by an equal
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proportion at all sites. The only species model which produce the expected results for a catch
increase are the Stripped Bass and the Catfish and Black Bass models. Therefore, on the
criterion of the "reasonableness" of the policy results of the models, the species specific models
must be rejected.

The own-site fishing quality variable included in the models is total estimated site catch
of the target species by anglers targeting that species (TOTAL CATCH). Since catch of non-
target species is generally low, TOTAL CATCH represents the vast majority of the catch of the
target species. Other own-site target species catch variables, such as CATCH RATE and KEEP
PCT, did not perform well in the models. About half of the species coefficients on these
variables were negative, implying decreasing visitation and benefits with increases in fishing
quality. Several attempts were made to define an exogenous fishing quality variable which is
policy controlled. Even variables such as fish catch per river mile or the proportion of total target
species catch at each site did not perform well. The probable reason for such poor performance
of the fishing quality variables is that a small number of fishing sites were defined. For each
target species, only six to nine sites were specified. The variation in fishing quality across these
sites was probably not sufficient to estimate a reliable coefficient on fishing quality. This issue is
discussed further in Appendix I to this report.

Some analysis of SUR models was conducted as part of the project. However, the results
suggested that insufficient degrees of freedom were available to estimate valid models.
Considering the policy applications of the species specific models, policy analysis using the SUR
models also seemed likely to produce unreasonable results.

The remaining modelling option is to specify some type of model based on the complete
data set. The problem with a specification where one coefficient is estimated for each
independent variable, regardless of target species, is that non-valid species comparisons are
made. Still, a model based on the entire data set can incorporate some features of the species
specific models. The modelcan be specified so separate coefficients are estimated for a variable
based on some sorting criterion. Some variables can be analyzed with multiple coefficients
based on this criterion while others have only one coefficient.

Consider a model where a separate coefficient is to be estimated for TRAVEL COST by
species. This increases the variation in benefit estimates across species. A separate travel cost
variable is then specified for observations on each target species. In the case of eight target
species, there would be eight TRAVEL COSTk variables. The data would be set up so that the
individual travel cost variables are equal to the calculated travel costs if there is a species match
and zero otherwise. For example, there would be a TRAVEL COST~s variable which is the
travel cost variable for King Salmon. If an observation indicates King Salmon as the target
species then TRAVEL COST~:s is simply equal to the calculated value of TRAVEL COST for
that observation. If the observation indicates a different target species, then TRAVEL COST~s
takes a value of zero. The coefficient on TRAVEL COST~:s is then based only on visitation
patterns of anglers targeting King Salmon. A separate coefficient on all eight TRAVEL COSTk
variables would then be estimated. For all other variables, a single coefficient which does not
vary across species would be estimated.
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Specifying species specific coefficients was attempted for nearly all independent
variables. If the models define separate coefficients for all independent variables, then the
species specific models of Table 20 would be obtained. After several model estimations, a final
model was estimated which include species specific coefficients on three variables: TRAVEL
COSTS, TOTAL CATCH, and POPULATION. Species specific coefficients on TRAVEL
COSTS and TOTAL CATCH increase the variability in target species benefits and policy results.
Separate coefficients on POPULATION were statistically supported due to the variability of the
coefficients and the high t-statistics.

Since the model is pooled across species, an additional variable needed to be defined
which was species specific, rather than site specific, to indicate that some species are more
desirable than others. In particular, species such as King Salmon and Steelhead Trout would
seem to be preferred to Catfish and Stripped Bass. Several attempts at specifying such a variable
were made. One variable which could be used is the average catch rate of a species. Species
with low catch rates are also the more desirable species. However, with an expected negative
sign on this variable, it would imply that an increase in the catch rate would decrease visitation.
The final variable chosen to represent species desirability is the retail price of the species. A
local supermarket was contacted and asked the selling price of each of the target species. This
variable, RETAIL PRICE, is expected to have a positive coefficient.

The final angler demand model is presented in Table 21. The R-square of the model is
0.596 with an F-value of 59.740. The model contains 1288 observations. The model suggests
zone average education has a positive influence on visitation but zone average income has a
negative effect. Zone population has a positive influence but the elasticity is less than one for all
target species. The interpretation is that anglers tend to originate from zones which are less
populated at a higher rate than more populated urban zones. The other socio-economic variables,
OVER-65 and DENSE, have no significant impact on angler visitation. As expected, the
substitute index variable has a negative impact on visitation. The catch of non-target species
does not explain significant variation in visitation. All travel cost coefficients are negative and
highly significant. Price is most inelastic with regards to American Shad and most elastic for
Catfish and Black Bass.     All own-site target species catch variables are positive and
significant. However, the cross-species magnitude of some of the coefficients on TOTAL
CATCH are unexpected. Percent increases in Rainbow Trout catch are predicted to have the
greatest percent change in anglers targeting that species. The TOTAL CATCH coefficients are
relatively low for King Salmon and Sturgeon even though these seem to be desirable species.
One possible explanation is that the catch rates of these desirable species is so low that large
percentage increases in the catch will still result in low catch rates. To illustrate the point, the
average species catch rates are presented in Table 22. The high catch rate species are American
Shad, Rainbow Trout, and Catfish and Black Bass. Low catch rate species include King Salmon
and Sturgeon. One hypothesis is that the low catch rate species are more desirable since the
experience of catching one is highly sought. However, another reasonable hypothesis is that high
catch rate species are preferred since one is more likely to catch fish. Separating these two
effects is difficult statistically and practically.
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The final column in Table 22 presents a four-year average catch rate for each species.
These values are obtained from the data described in Appendix I (Wixom, et al., 1995). The
reported catch rate from the surveys are close to the four-year averages for most species.
However, the catch rates during the survey period are low for King Salmon, Steelhead Trout, and
Sturgeon. The rates are about 30% lower during the survey period, suggesting catch rates about
35%-40% higher during 1991-1994 when the survey period is excluded. The relatively low
benefits for these target species may be a result of low catch rates during the survey period.
While the catch rate is not an independent variable, the coefficient on TRAVEL COST for these
species may be too high in absolute value and benefits per angler too low. The benefits of
increased catch for these species may be understated if higher catch rates would produce higher
benefits per angler.
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Chapter 5. Policy Applications

V.A. Introduction to Model Applications

The model estimated in the last chapter can be used for several types of policy
applications. In this chapter, the model will used to derive angler consumer surplus estimates by
species and site. The impact of changes in fishing quality are analyzed. Other policy scenarios,
such as visitation forecasts, are also discussed.

V.B. Visit Predictions

The model in Table 21 predicts the natural log of the number of angler parties from each
origin zone i to site j targeting species k. Normally, the policy analyst is interested in the ability
of the model to predict visits rather than the log of visits. The demand equation can be
transformed to predict visitation as given previously in equation 9. The error term in equation 8
is assumed to be normally distributed with a mean of 0 and a variance of 02. If estimated as an
OLS model, the sum of all the residuals will be zero (Greene, 1993). However, a researcher is
normally more concerned with the ability of the model to predict Y rather than In(Y). The
problem with using equation (9) to predict the dependent variable is that the expected value of
(e’) is not equal to one and the prediction will be biased (Goldberger, 1968). The term (e~) is log-
normally distributed with a mean of [exp(02/2)] and a variance of [(exp(02))* [(exp(02)- 1 ] ]. The
bias enters multiplicatively but can be corrected through the constant term. Stynes, et al. (1986)
found that the transform bias appears only in the constant term and not the price coefficient or
other elasticity estimates. Thus, estimates of per-user benefits from double-log models will be
unbiased if an unbiased estimate of total trips is available.

Several adjustment factors based on statistical theory have been proposed. For example,
instead of using the constant term (e~0), an asymptotically unbiased constant term is (e~0+(s272)).
Still, a policy analyst is not assured that predicted visits will be near actual visits.

If data on actual visits are available, then Stynes, et al. suggest an empirical basis for
adjusting the constant term. This adjustment would simply be a function of the ratio of observed
visits to the predicted visits. This adjustment holds much appeal from a policy analysis
viewpoint, especially if unadjusted predicted visits significantly differ from actual visits.

Bockstael and Strand (1987) discuss the issue of whether to use actual or predicted visits
as a baseline for benefit calculations. They demonstrate that the choice depends on the source of
model error. If the error is due to omitted variables, then adjusting the demand curve through
known visits is theoretically correct. However, if error arises from random preferences or
measurement error, then one should not adjust the demand curve. Measurement errors include
recall problems or incorrect travel costs. Adjusting the demand curve when measurement error is
present will result in biased upwards demand curves. Bockstael and Strand note that most
researchers either explicitly or implicitly assume that the error is due to omitted variables. The
possibility of measurement error is likely to be higher when household surveys about visitation
patterns introduce the possibility of recall bias. The nature of the surveys used for this analysis
avoids problems associated with angler recall. Also, other variables such as income and travel
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costs are calculated from independent sources rather than reported by respondents. The
differences between actual and predicted visits in this analysis seems to be associated with
omitted variables. This research will adjust the demand curves through actual visits to avoid
predicting visit changes from various policies which are unrealistic and, consequently, difficult to
support in a policy analysis scenario.

For each site-species combination, a multiplicative adjustment term is applied to the
angler party visit prediction so predicted visits sum to equal estimated total visitation. Tables
23.A. through 23.H. compare the unadjusted angler party visit predictions to an estimate of
market area visitation. Since only zones within the market areas are included in the estimated
model, the predictions of the model are for the market area. As would be expected, the
transformed predictions are generally too low. Only 9 of the 54 site-species predictions are too
high. When summed for each species, all eight underpredict market area angler party visitation.
While the accuracy of the predictions may not be a valid test of the performance of the model, the
consistency of the underprediction does seem to be a reasonable test. The lowest prediction
proportion is for American Shad, where 44% of market area visitation is predicted. The highest
is for Steelhead Trout with 86% of market area visitation predicted. The average percent
prediction across species is 75% with all but one of the summed species predictions (American
Shad) within 15% of this average. Thus, the predictions seem reasonably consistent across
species.

For policy scenarios, including benefit calculations, the model is calibrated to correctly
predict actual visitation. The adjustment considers two factors. First, market area predictions by
site-species combination are adjusted to correctly predict market area angler party visitation. The
other adjustment expands the prediction from the market area to the population. Both
adjustments can be accomplished in one step. The adjustment factors for each site-species
combination are obtained by dividing estimated total angler parties (given in the second column
of Tables 23.A.-23.H.) by the unadjusted prediction of market area angler party visitation. Any
policy scenario where a change in visitation is to be analyzed will then use actual site-species
visits for baseline visitation. This results in visit prediction changes which are unbiased and less
likely differ from expectations.

V.C. Benefit Estimation

This section describes the estimation of angler benefits. As explained in Chapter 2,
consumer surplus is measured as the area under the estimated demand curve above the existing
price level. As discussed in the previous section, unbiased estimates of per angler party benefits
can be obtained using the unadjusted model for sites where visitation is known. The per angler
party benefit is then multiplied by the number of angler parties to get an estimate of total
benefits. In order to calculate the per angler party benefit of each site in the analysis, first define
the exponential model with estimated parameters as:

* TC .arc * X~2 * ... * X~n (10)Yijk = ed° ijk 2i

similar to equation 9 where TC0k is the travel cost from zone i to site j and Y0~ is the unadjusted
visitation prediction. The total consumer surplus is then the integral of equation (10) evaluated
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from TCijk up to some maximum travel cost value (TCm~x). After integration of equation 10, the
benefit equation for a given zone of origin is:

[(Yijk,m~x* TCm~)/(fla-c+ 1)] -
[(Y’ijl~* TCijk)/(flT¢+ 1 )] (11 )

where Yijk,m~x is the predicted number of visits at the maximum travel cost. If infinity is used as
the maximum travel cost, then the first term of equation (11) will approach zero as long as the
estimatedflrc is less than -1.0. In this case, the estimate of total benefits is then simply:

-[(Yi~*TC~j0/(/3Tc+ 1)] (12)

There is evidence to use a maximum travel cost other than infinity. Smith and Kopp (1980)
recommend using the maximum observed travel cost in the sample as the choke price. Thus, the
same maximum travel cost present in the data set which is used for estimation is also used as the
limit of extrapolation. This choice truncates demand at the maximum observed travel cost. At
higher prices, no consumer surplus is assumed. This report uses a limit of extrapolation
approach, especially since the estimated travel cost coefficients for Rainbow Trout and American
Shad are greater than -1.0, implying infinite benefits if infmity is chosen as the choke price.

Benefit estimates are presented in Tables 23.A.-23.H. Benefits are given per angler as
well as per angler party for each site-species combination. All benefits are in 1994 dollars. Total
angler consumer surplus is estimated to be about $7.5 million during the study period of 13
months. Species benefits for Stripped Bass are the highest with nearly one million dollars.
Rainbow Trout and American Shad benefits are also high. On a per angler party basis, the
highest benefits are for Rainbow Trout ($52.94) and American Shad ($47.86). American Shad is
the species with the highest catch rate given in Table 22. The lowest angler party benefits are for
Catfish and Black Bass ($18.78) and King Salmon ($19.02). The low benefits for King Salmon
may be explained by the low catch rates while the low benefits for Catfish and Black Bass may
imply that these species are less desirable. The total consumer surplus of $7.5 million accrues to
about 278,600 angler parties or 525,500 anglers. The average consumer surplus to anglers during
the study is $26.77 per angler party or $14.19 per angler.

Benefits are affected by the choice of the choke price. A higher choke price will result in
higher total and per angler benefits. To explore the sensitivity of benefit estimates, higher choke
prices than the maximum observed travel cost were chosen. A higher choice may be justified
since significant positive visitation is observed at many sites at a choke price of the maximum
observed travel cost. Table 24 shows that setting TCmax at the maximum observed travel cost
results in over 20% of baseline visitation for target species with relatively inelastic price
coefficients. Average benefits per angler were calculated using two higher values of TCmax. In
one case, TCmax is equal to double the maximum observed travel cost for each target species.
Also, a TCmax equal to 100 times the maximum observed travel cost was chosen to illustrate the
effect of a choke price approaching infinity. The benefit estimates are given in Table 24. Note
that species with inelastic price coefficients display large increases in average benefits. Benefit
estimates when TCrn~ is 100 times baseline are nearly ten times the values given in Table 23 for
species such as Rainbow Trout and American Shad. For most other species, benefit estimates are
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approximately double the values presented in Table 23. Choke prices larger than TCm~xhave been
used in previous analyses of angler benefits.

Using a TCm~, of double the maximum observed travel cost may be justified, especially if
quality improvements are considered. Choosing a TCmax approaching infinity does not appear
valid, especially since some price coefficients are greater than -1.0. The values in Table 23
should be viewed as conservative estimates of angler benefits.

V.D. Policy Analysis of Changes in Fishing Quality

The value of the variable TOTAL CATCH may be changed for any site-species
combination to determine the change in visitation and benefits. This process is simplified if one
assumes that the impact of non-target species is zero. This assumption is validated since the
coefficient on NON-TARGET is not statistically different from zero. Thus, no cross-species
substitution effects are assumed and only the effect of changing values of TOTAL CATCH and
SUB-INDEX need to be considered. The impact of changes in TOTAL CATCH is
straightforward. Using the elasticities, one can easily estimate the change in visitation as a result
of a change in TOTAL CATCH. However, a change in TOTAL CATCH for one species at a site
will change the values of SUB-INDEX by different amounts for all observations targeting that
species. New values of SUB-INDEX will have to be calculated if isolated changes are to be
analyzed.

If the change in TOTAL CATCH is proportionally constant across all sites for a target
species, then a quick calculation can be made. For example, assume a policy scenario is
considered when Steelhead Trout catch is doubled at all sites. The value of TOTAL CATCH
will double, predicting an increase in visitation of 56.8% (the coefficient on TOTAL CATCH for
Steelhead Trout). By doubling catch, the value of SUB-INDEX will double for all observations.
The substitution effect reduces Steelhead Trout visitation by 14.3% (the coefficient on SUB-
INDEX. The net effect is a predicted increase in visitation of 42.5%. If the catch does not
increase proportionally at all sites, then a quick calculation can not be made and new individual
values of SUB-INDEX will need to be calculated.

For illustrative purposes, the impact of doubling the catch of each target species is
presented in Table 25. Most of the benefits of doubling the catch of all species accrue to anglers
targeting Rainbow Trout and Stripped Bass. The high Rainbow Trout benefits are mainly due to
the high elasticity on Rainbow Trout TOTAL CATCH. Benefits are high for Stripped Bass
because many anglers target this species. Benefits are quite low for doubling the King Salmon
catch since the elasticity on TOTAL CATCH for King Salmon is relatively low. However, the
additional benefit per fish caught is relatively high for King Salmon mainly because the catch is
low. The additional benefit per fish caught is highest for Steelhead Trout, with a relatively high
elasticity on TOTAL CATCH and a low baseline catch.

Changes in fish catch for any species at any site can be analyzed using the SAS computer
program described in Appendix 2. Actual policy scenarios probably involve isolated changes for
certain species. Also, the catch of different species is likely to change at different rates in
response to management options.
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V.E. Other Model Applications

The model estimated in this project may also be usedfor other policy scenarios. The
most obvious application would be to develop visitation forecasts based on demographic
projections. The projections may involve such variables as origin population and income levels.
Since most projections are on statewide or regional levels, one would only have to increase the
values of the independent variables by the same proportion. For example, consider a case where
one seeks to develop a visit forecast for ten years into the future. Assume that available
population projections indicate a 7% increase in California population in ten years. Using a
calibrated model, one could simply multiply all values of POPULATION by 1.07 to obtain the
visit forecast. This type of application can also be analyzed using the SAS computer program
described in Appendix 2.

The result of such fore~asts assume model stability over time. Since the model is based
on a cross-sectional data set, time stability can not be tested or assumed. One method for testing
the accuracy of visit forecasts is to forecast back in time. By obtaining data on the independent
variables for past years, one could obtain visit predictions. These can then be compared with
known values to assess the accuracy of visit forecasts.
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Chapter 6. Conclusions

Efficient administration of California’s sport fishing resources requires information on the
economic benefits of various management strategies. This report provides a comprehensive
analysis of recreational fishing benefits along four major California rivers. The fishing quality
along these rivers is affected by the management of the Central Valley Project. The recent
legislation of the Central Valley Project Improvement Act is likely to affect the fishing quality of
these rivers. An increase in recreational fishing benefits is an important element of the Act. This
report estimates that a doubling of the catch of major sport fishing species will increase NED
benefits by about $2.3 million annually. This represents an increase in benefits of over 30%
compared to existing levels.

The benefit estimates obtained in this report are comparable to previous studies. Across
all species, average per angler benefits are about $14.20 per visit. This value is similar to several
of the lower estimates presented in Table 1. Several explanations are proposed for the relatively
low, though reasonable, benefits obtained in this report. First, a conservative approach is taken
with regards to the choke price of the demand curve. As shown in Table 24 benefits can be
increased substantially through the implementation of higher choke prices. On average, benefits
increase about 60% by doubling the choke price and benefits increase over five times by using a
choke price much higher than observed costs. A possible reason for low benefits for particular
species is low catch rates during the survey period. As shown in Table 22, this factor may have
produced low benefit estimates for salmon. Finally, note that travel time is valued at one-third
the average zonal wage rate. This is also represents a conservative approach to benefit
estimation. Some researchers have valued time at one-half the wage rate or even the full wage
rate. Using higher values of time would produce higher benefit estimates. Benefit estimates for
some species, such as American Shad and Rainbow Trout, are quite high. The variability of per
user benefits across species is an issue which deserves further study.

There are limitations to the analysis in this report. First, the survey period covers a
relatively short period of time, about one year. The reliability of the analysis is dependent on the
representativeness of this~data. For example, low catch rates for some species may have biased
benefits downward.. Second, the operationalization of the fishing quality variables has
limitations. Appendix I addresses this issue though conclusive results can not be made. Cross-
sectional data is used to imply the effect of potential changes in site fishing quality. The
collection of similar data over a period of time would allow a more complete analysis. The
impact of fishing quality on benefits is an important avenue of future research. For example, this
report does not present an analysis of how per user benefits change in response to changes in
quality.

This report, along with the accompanying SAS computer program, can be used to
estimate the economic impacts of many policy scenarios. Changes in the catch of individual
species can be valued. Substitution effects of changes in fishing quality at individual sites can be
analyzed. Visitation forecasts can be made based on several demographic variables. Along with
appropriate biological models, the welfare impacts of the CVPIA, or other policy regulations, can
be estimated. The information provides direction to decision makers seeking to increase the
benefits of Califomia’s water and fishery resources.
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Table 1. Previous Estimates of the Benefits of Recreational Fishing

Consumer Surplus (1994
Authors Type of Fishin~ dollars)

Charbonneau and Hay (1978) Trout and Salmon .$47/da)’

Charbonneau and Hay (1978) Bass $43/day

Charbonneau and Ha), (1978) Catfish $34/day

Vaul~hn and Russell (1982) Trout $16.55 - $29.43./day

Vau~hn and Russell (1982) Catfish $10.57 - $18.84/day

Dormelly, et al. (1985) Steelhead $14.87 - $69.18/..trip

Ha), (1988) Bass (California) $30/da)’

Loomis and Cooper (1990a) Trout (California) $25.69/trip

Tripp and Rockland (1990) Non-consumptive
Fishin~ (California) $39.76/day

Tripp and Rockland (1990) Consumptive Fishing
(California) $47.46/day

Ber~strom and Cordell (1991) Warmwater Fishin~ $13.42/day or $21.85/trip

Bergstrom and Cordell (1991) Coldwater Fishin~ $19.07/day or $39.27/trip

Ber~strom and Cordell (1991) Anadramous Fishin~ $25.52/day or $42.13/trip

Freshwater Fishing (New
Connelly and Brown (1991) York) $14.65/trip

River Fishing (Nbrth.
Whitehead (1992) Carolina) $15/trip
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Table 2. Number of Interview Observations for Each Target Species, by River Stretch

River Stretch
Target
Species AR FR SAC 1 SAC2 SAC3 SAC4 YR

BL BASS 9 79 32 32 12 2 0

CATFISH 6 15 282 356 30 0 0

RAINBOW 99 12 11 2 62 330 31

S TROUT 316 254 12 16 ~ 56 14 121

SALMON 219 214 370 425 123 23 2

SHAD 164 103 164 62 230 0 24

ST BASS 111 225 3169 1287 109 0 4

STURG 0 1 983 353 46 0 0

SUNFISH 0 0 0 4 0 0 0

ANY 241 76 520 344 73 34 38

Total 1165 979 5543 2881 741 403 220

River Stretch Definitions
AR = American River from mouth of Discovery Park to Nimbus Dam
FR = Feather River from mouth of Verona to Oroville Fish Barrier Dam
SAC 1 = Sacramento River from Carquinez Straits to Sacramento
SAC2 = Sacramento River from Sacramento to Colusa
SAC3 = Sacramento River from Colusa to Red Bluff Diversion Dam
SAC4 = Sacramento River from Red Bluff Diversion Dam to A.C.I.D. Dam at Redding
YR = Yuba River from mouth at Marysville to one mile upstream of Highway 20 Bridge

Target Species Definitions
BL BASS = Black Bass
CATFISH = Catfish
RAINBOW = Rainbow Trout
S TROUT = Steelhead Trout
SALMON = King Salmon
SHAD = American Shad
ST BASS = Stripped Bass
STURG = Sturgeon
SUNFISH = Sunfish
ANY = Any other target species or no target species specified
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Table 3. Site-Species Definitions, Numbers in Parentheses IrlilimthaatiouNtfird~actf $itgget Species

River Stretch
Target Species

[AR FR SAC1 SAC2 SAC3 SAC4 YR

CF & BB (7) N Y x2 x3 Y N N

RAINBOW (6) Y C N N Y x3 C

S TROUT (6) x2 x2 N C C C Y

SALMON (7) Y Y x2 x2 C C N

SHAD (6) Y C Y Y x2 N C

ST BASS (9) Y Y x3 x3 Y N N

STURG (6) N N x3 x2 Y N N

ANY (7) Y C 1 x2 x2 C2 C2 C 1

Y - the river stretch is individually included in that species’ model

N - the river stretch is excluded from that species’ model

x2 - the river stretch is included in that species’ model but divided into two segments

x3 - the river stretch is included in that species’ model but divided into three segments

C - the river stretch is included in that species’ model but combined with one or more other sites
in order to increase the number of interviews. Note that C 1 and C2 are used to show two
groupings for the ANY species designation.
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Table 4. Definition of Divided River Segmems

Site Name Tarl~et Species River Miles

SAC_I _A CATHSH & BL BASS o3 to 37

SAC_I_B CATFISH & BL BASS 38 to 60

SAC_2_A CATFISH & BL BASS 60 to 81

SAC_2_B CATFISH & BL BASS 82 to 9!

SAC.2 C CATFISH & BL BASS 92 to 143

SAC.4 A RAINBOW TROUT 243 to 272

SAC.4 B RAINBOW TROUT 274 to 288

SAC_4_C RAINBOW TROUT 289 to 299

AMER.A STEELHEAD TROUT 501 to 512

AMER_B STEELHEAD TROUT 513 to 523

FEATH.A STEELHEAD TROUT 423 to 461

FEATH_B STEELHEAD TROUT 462 to 466

SAC.1.A SALMON -22 to 13

SAC 1 B SALMON 24 to 60

SAC_2_A SALMON 60 to 96

SAC..2_B SALMON 112 to 142

SAC_3.A SHAD 149 to 189

SAC_3_B , SHAD 192 to 242

SAC_I_A STRIPPED BASS -23 to 11

SAC_I_B STRIPPED BASS 12 to 31

SAC I_C STRIPPED BASS 32 to 60

SAC.2.A STRIPPED BASS 60 to 84

SAC_2_B STRIPPED BASS 85 to 113

SAC.2.C STRIPPED BASS 114 to 143

SAC_I_A STURGEON -23 to-12

SAC_I_B STURGEON -11 to 9

SAC l_C STURGEON l0 to 59

SAC 2_A STURGEON 60 to 90

SAC.2 B STURGEON 91 to 142

SAC_I_A ANY -22 to 40

SAC_I_B ANY 41 to 60

SAC 2_A ANY 60 to 87

SAC_2_B ANY 88 to 143
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Table 5. Total Count of Boat Anglers for Each Site File, by Month and Weekday/Weekend

Site File

Month      D~w*       AR    SAC2       FR    SAC 1     SAC3       YR    SAC4

JUL 93      WD          --       29       57       93        10        0       29

JUL 93      WE          --       65        57      373      213         0      148

AUG93          WD                  26                89               82              118             202                 4              32

AUG93     WE         19       182      231      439      286        2      116

SEP 93      WD         26       183       146       277       171         2      166

SEP 93      WE          30       411       434       801       554        11      232

OCT 93     WD         55       198       218       999       127        10      250

OCT 93     WE         51       452      480     1685      366        12      655

NOV93     WD         15        63        25      575        65        12       55

NOV93     WE         43       166        82      2023       160        17      203

DEC 93     WD         2       24       19      531       54        6       72

DEC 93     WE           1        37        11       871        33         0      121

JAN94     WD          4       32        12      214        4        12       45

JAN94     WE          19        85        17       881        31        15       93

FEB 94      WD         18        28        36       323         9         5        16

FEB 94           WE                   31                74               77             834               24                 0              31

MAR 94         WD                   12              154               27             425                10                 4              77

MAR 94         WE                   22             333             206           2012                67                 3             130

APR 94     WD          7      275        9      580       29        0       63

APR 94     WE         10      1121        87      992       92        2      165

MAY 94         WD                    5             297               70             220              113                  2              53

MAY 94         WE                   14             725              108             746              195                 3             126

JUN94     WD         14        52        9       143        93         0       43

JUN94           WE                   17              181                41              236             257                 2             114

JUL 94      WD         13        39       64       94       121         2       26

JUL 94     WE        26      69      60      199      44       2      35

Total                480     5364    2715    16684    3330     128    3096
-Weekday Days(WD)andWeekend Days(WE)
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Table 6. Total Count of Shore Anglers for Each Site File by Month and Weekday/Weekend

Site File

Days*     AR sAc~     FR SAC 1 SAC3     YR SAC4Month

JUL 93      WD          --       109       103       271         5        27       13

JUL 93      WE          --       94       128      468        81        59       49

AUG93     WD        124       101       149       307        56        13        19

AUG93     WE        127       128      281       526       69       30       17
SEP 93    WD      137     71     199    327     32      7     27

SEP 93    WE      269     139    287    826     91     42     30

OCT93 WD     496     127    220    527     26     19     69
’OCT93 WE      541     183     381     863     73     24    174

NOV93 WD     428     74     82    286     21     14     30

NOV93     WE        547       133       254      744        59       27       74

DEC 93           WD                226               49               42              199               23                14              32

DEC 93           WE                  66               59               46             318                16                 9              29

JAN94           WD                  69               76               77              199               32                14              26

JAN 94     WE        120       185        96      351        20       53      101

FEB 94     WD        121       138        51       232       22        12       39

FEB 94           WE                 189             236                83             552               26               54              75

MAR 94    WD        100      220        72      372       33        13       52

MAR 94     WE         168       597       204      1104        78        27      140

APR 94           WD                  45             219               37             665                70                 4              40

APR 94           WE                 112             638              114             981                68                17              86

MAY 94    WD        74      171       77      372      121       11       14

MAY 94    WE         195       323       232       886       166        19       26

JUN94     WD        127       83       43      213       66       30       6

JUN94           WE                 108              187               66             476              105               40              27

JUL 94            WD                  79               88              117              196               34                  8                6

JUL 94     WE        210       127       99      335        17       27        9

Total               4678    4555     3540    12596     1410     614    1207
-WeekdayDays(WD)andWeekend Days(WE)
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Table 7. Estimate of Unadjusted Total Count of Boat Anglers for Each Site File, by Month

Site File

Month        AR    SAC2      FR    SAC1    SAC3      YR SAC4

JUL 93         --      184      314     1072      397        0     646

AUG93      152      518      820     1115     1404       21     698

SEP 93       271      973     1557     1677     1679       26    1681

OCT 93       114     1085     1449    4729     1056       55    2950

NOV93       169      388      185     3894      499       72     709

DEC 93        12      166       80     3487      243       20     794

JAN94        69      238       66     1901       73       57     469

FEB 94       152      197      247     1876       62       20     142

MAR94      113      887      638     4079      140       19     703

APR 94        59     2644      154     3228      253        5     936

MAY94       59     2122      355     1724      706       14     575

JU’N94       111      350      115      663      586        4     465

JUL 94       133      217      374      680      457       21     224
II

Total Ii 1414 9969 6354 30125 7555    334 10992
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Table 8. Estimate of Unadjusted Total Count of Shore Anglers for Each Site File, by Month

Site File

Month         AR SAC2      FR SAC1    SAC3     YR SAC4

JUL 93          --      443      617     1729      256      198     232

AUG93        836      470     1179     1791      361      111      181

SEP 93        1722      354     1335     1843      297       94     258

OCT 93       3957      562     1314    2462      214      107     797

NOV93       3448      385      591     1637      171       98     313

DEC 93       1216      306      212     1290      108       58     303

JAN94        662      536      407     1099      124      118     389

FEB 94        983      822      315     1294      108      110     345

MAR94       911     1428      781     2694      233       86     579

APR 94        488     1724      268     3467      332       49     538

MAY 94       846     1052      560     2352      679       83     136

JUN94        915      442      290     1130      327      190      87

JUL 94        940     443      657     1258      723      177      54

II 16924 8967 8526 24046 3993 1479 4212
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Table 9. Estimate of Total Count of Boat Anglers for Each Site File, by Month

Site File

Month      AR SAC2     FR I SAC1 SAC3     YR SAC4

JUL 93       --     392    1046    1790    1104      0 1131

AUG93     152    1124    1820    2107    4015     27 1584

SEP 93      271    1985    3534    3354    3996     29 3362

OCT 93       114    2311     3623     9836     3770       82    4986

NOV93             169            881            555          7360          1277              90         1730

DEC 93                12            332            240          5126            972              25         1588

JAN 94        69      476      198     3802      292       72    1201

FEB 94       152      394      687     3677      248       22     338

MAR94             113          1925          1723          6812            420              25         1526

APR 94        59     4125      810     5552      759        5    1872

MAY 94              59          3714          1147          3258          3071              25         1173

JUN94       111      686     288     1505     2344        5     763

JUL94     133    462 1100 1285 1015     29 329

Total II 1414 18807 16771 55464 23283    436 21583
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Table 10. Estimate of Total Count of Shore Anglers for Each Site File, by Month

Site File

Month        AR SAC2     FR SAC1 SAC3     YR SAC4

JUL 93          --      944    2055     2887      712      253     406

AUG93       836     1020    2617    3385     1032     142     411

SEP 93        1722      722     3030     3686      707      105     516

OCT 93              3957          1197          3285          5121            764            159         1347

NOV93             3448            874          1773          3094            438            123           764

DEC 93              1216            612            636          1896            432              74           606

JAN94                 662          1072          1221          2198            496            150           996

FEB 94        983     1644     876    2536     432     121     821

MAR94               911          3099         2109         4499            699            114         1256

APR 94        488     2689     1410     5963      996       50    1076

MAY 94       846     1841     1809    4445     2954      149     277

JUN94                 915            866            725          2565          1308            241           143

JUL 94        940     944    1932    2378     1605     246      79

Total [1 16924. 17524. 23478. 44653. 12575. 1927. 8698.
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Table 11. Total Estimated Visitation by Site and Proportions Fishing from Boats and the Shore

Total Estimated Visitation Proportion Using Proportion on
Site Boats Shore

AR 18,338 0.077 0.923

SAC2 36,331 0.518 0.482

FR 40,240 0.417 0.583

SAC1 100,117 0.554 0.446

SAC3 35,858 0.649 0.351

YR 2,369 0.187 0.813

SAC4 30,281 0.713 0.287
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Table 12. Sampled Anglers Targeting Each Species, by Site

Site File
Target
Snecies AR SAC2 FR SAC 1 SAC3 YR SAC4

AS 332 117 163 332 462 49 0

BB 18 48 130 52 21 0 3

CF 10 717 26 569 59 1 0

KS 376 777 274 627 215 7 52

RT 164 3 26 27 120 58 694

SB 183 2588 432 6414 216 5 0

SH 480 33 356 17 103 222 24

ST 0 737 0 1947 89 0 0

ANY 441 734 123 1139 134 60 64

Total II 2004 5754 1530 11124 1419 402 837

AS - American Shad SB - Striped Bass
BB - Black Bass SH - Steelhead Trout
CF - Catfish ST - Sturgeon
KS - King Salmon ANY- Any Species
RT - Rainbow Trout
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Table 13. Estimates of Total Anglers Targeting Each Species, by Site

Site
Target
Sr~ecies AR SAC2 FR SAC 1 SAC3 YR SAC4

AS 6088 1454 8612 6008 23380 578 0

BB 330 582 6840 942 1076 0 218

CF 184 9082 1368 10212 3012 12 0

KS 6896 9810 14406 11214 10900 80 3754

RT 3008 36 1368 480 6096 682 50206

SB 3338 32698 22696 115536 10900 56 0

SH 8802 436 18752 300 5236 2616 1756

ST 0 9300 0 35040 4518 0 0

ANY 8068 9300 6438 20414 6742 706 4602
II I

Total 11 36714 72698 80480 200156 I 71860 4730 60536

AS - American Shad SB - Striped Bass
BB - Black Bass SH - Steelhead Trout
CF - Catfish ST - Sturgeon
KS - King Salmon ANY- Any Species
RT - Rainbow Trout
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Table 14. Average Number of Anglers Per Interviewed Party, By Site

Site
Target
Species AR SAC2 FR SAC 1 SAC3 YR SAC4

AS 2.02 1.89 1.58 2.02 2.01 2.04 --

BB 1.80 1.50 1.65 1.63 1.75 -- 1.50

CF 1.50 2.01 1.73 2.02 1.97 1.00 --

KS 1.72 1.83 1.28 1.69 1.75 3.50 2.26

RT 1.66 1.50 2.17 2.45 1.94 1.87 2.10

SB 1.66 2.01 1.92 2.02 1.98 1.25 --

SH 1.52 2.06 1.40 1.42 1.84 1.83 1.71

ST -- 2.09 -- 1.98 1.93 ....

ANY 2.02 2.13 1.84 2.19 1.84 1.58 1.88

AS - American Shad SB - Striped Bass
BB - Black Bass SH - Steelhead Trout
CF - Catfish ST - Sturgeon
KS - King Salmon ANY- Any Species
RT - Rainbow Trout
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Table 15. Estimated Number of Angler Parties Targeting Each Species, By Site

Site
Target
Snecies AR SAC2 .FR SAC 1 SAC3 YR SAC4

AS 3014 770 5450 2974 11632 284 0

BB 184 388 4146 578 614 0 146

CF 122 4518 790 5056 1528 12 0

KS 4010 5360 11254 6636 6228 22 1662

RT 1812 24 630 196 ~3142 364 23908

SB 2010 18268 11820 57196 5506 44 0

SH 5790 212 13394 212 2846 1430 1026

ST 0 4514 017696 2340 0 0

ANY 3994 4450 3498 9326 3664 446 2448

Total II 20936 38504 50982 99870 37500 2602 29190

AS - American Shad SB - Striped Bass
BB - Black Bass SH - Steelhead Trout
CF - Catfish ST - Sturgeon
KS - King Salmon ANY- Any Species
RT - Rainbow Trout
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Table 16. Number of Sampled Angler Parties in Market Area Data Set, by Target Species and
Site

Site
Target
Species AR SAC2 FR SAC1 SAC3 YR    SAC4

AS 159 60 1242 161 213 ....

BB&CF -- 379 93 310 41 ....

KS 210 398 206 361 1393 ....

RT 97 -- 382 -- 59 -- 303

SB 107 1263 225 3087 107 ....

SH 311 821 245 .... 116 --

ST -- 349 -- 974 46 ....

ANY 233 331 1102 513 1003 ....

AS - American Shad SB - Striped Bass
BB - Black Bass SH - Steelhead Trout
CF - Catfish ST - Sturgeon
KS - King Salmon ANY- Any Species
RT - Rainbow Trout

1 - Combined with SAC3 and SAC4 fiver segments
2- Combined with YR fiver segment
3 - Combined with SAC4 fiver segment
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Table 17. Estimated Number of Total Angler Parties from within Market Areas, by Target
Species and Site

Site
Target
Snecies AR SAC2 FR SAC1 SAC3 YR SAC4

AS 2922 746 55982 2920 10772 ....

BB&CF -- 4448 4884 5562 2092 ....

KS 3846 5020 10834 6474 75123 ....

RT 1776 -- 8782 -- 2990 --     21952

SB 1956 17928 11820 55716 5404 ....

SH 5698 38941 12920 .... 1370 --

ST -- 4462 -- 17534     2340 ....

ANY 3878 4282 38062 9200 57123 ....

AS - American Shad SB - Striped Bass
BB - Black Bass SH - Steelhead Trout
CF - Catfish ST - Sturgeon
KS - King Salmon ANY- Any Species
RT - Rainbow Trout
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Table 18. Sample Visitation Expansion Factors

Site
Target

Sr~ecies AR SAC2 FR SAC 1 SAC3 YR SAC4

AS 18.38 12.44 45.14~- 18.14 50.58 ....

BB&CF -- 11.74 52.52 17.94 51.02 ....

KS 18.32 12.62 52.60 17.94 54.043 ....

RT 18.30 -- 23.102 -- 50.68 -- 72.44

SB 18.28 14.20 52.54 18.04 50.50 ....

SH 18.32 47.481 52.74 .... 11.82 --

ST -- 12.78 -- 18.00 50.86 ....

ANY 16.64 12.94 34.602 17.94 57.12 ....

AS - American Shad SB - Striped Bass
BB - Black Bass SH - Steelhead Trout
CF - Catfish ST - Sturgeon
KS - King Salmon ANY- Any Species
RT - Rainbow Trout

1 - Combined with SAC3 and SAC4 fiver segments
2- Combined with YR river segment
3 - Combined with SAC4 fiver segment
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Table 19. Summary of Independent Variables

Variable Name Variable Description Mean Value

travel costs from zone i to site j
TRAVEL COST (1994 dollars) $65.01

POPULATION 1992 population of zone i 326,391 people

1990 population density for zone i
DENSITY per square mile 1166 per sq. mi.

MEDIAN AGE 1990 median a~e for zone i 33.76 years

percent of population over age 65 in
OVER-65 zone i (1990) 12.24 percent

median school years completed in
EDUCATION zone i (above 25 ;fears old, 1990) 12.76 years

average per capita income in zone i
INCOME (1990 updated to 1994 dollars) $22,209

unemployment rate in zone i (1991)
UNEMPLOYED                                         8.80 percent

estimated total catch of species k at
TOTAL CATCH site j durin~ stud~f period 7616 caught

catch rate of species k at site j during
CATCH RATE study period (catch/hr.) 0.087 fish/hour

est. catch of non-target species by
NON-TARGET anslers tar~etin8 species k at site ) 1048 caught

percent of caught target species k
KEEP PCT kept by interviewed an~lers 40.45 percent

SUB-INDEX substitute price and quality index 1252.4 units

49

C--084226
(3-084226



Table 20. Species Specific Model Results

Target Species
I I

Variable Name AS CF&BB KS RT[ SBI SH ST ANY

Intercept -25.818" -16.100 14.399~ -38.942" 15.121~ -19,649~ 5.319 -4.866

TRAVEL
COST -1.061" -1.466" -1.342’ -1.094" -1.362’ -0.978’ -1.379’ -1.346’

POPULATION 0.808’ 0.504’ 0.428" 0.859" 0.320" 0.568’ 0.480’ 0.488’

INCOME -0.618 -1.647~ -0.839 -1.515" -1.807" -1.677# -1.413" -1.613"

EDUCATION 5.634 12.656" -1.683 14.714" 2.469 12.974" 5.120 10.023"

OVER-65 0.499 0.030 0.125 1.607" -0.815" 0.748 -0,809a -0.078

DENSITY -0.121 -0.043 0.010 -0.154~ 0.061 -0.049 -0,096 -0.061

TOTAL
CATCH 2.056’ 0.610" 0.130 1.465" 0.458" 0.964" 0.213 -0.176

NON-TARGET -0.659" -0.311~ 0.264~ -0.209# 0.114 -0.818’ 0.035 ---

SUB-INDEX -0.056 -0.057 -0.294" -0.016 -0.213# 0.259" -0.164 -0.217~

,R-Squared 0.518 0.622 0.647 0.661 0.645 0.649 0.643 0.654

F-Value 24.856 23.397 35.301 24.856 51.335 22.975 29.840 35.893

Observations 136 138 183 125 264 122 159 161

"- indicates coefficient is significant at the 0.10 level

"- indicates coefticient is significant at the 0.01 level
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Table 21. Final Angler Demand Model

Variable Name Estimated Coefficient T-Statistic

Intercept - 12.7728 -2.747

INCOME -1.5159 -7.393

EDUCATION 6.4683 3.790

OVER-65 -0.0162 -0.099

DENSITY -0.0025 -0.076

NON-TARGET 0.0560 1.182

SUB-INDEX -0.1426 -3.562

RETAIL PRICE 6.6464 4.061

TRAVEL COST (AMERICAN SHAD) -0.8386 -8.080

TRAVEL COST (CATFISH & B. BASS) -1.4910 -12.880

TRAVEL COST (KING SALMON) - 1.2689 - 14.133

TRAVEL COST (RAINBOW TROUT) -0.8358 -7.991

TRAVEL COST (STRIPPED BASS) - 1.4853 - 18.086

TRAVEL COST (STEELHEAD TROUT) -1.0393 -9.458

TRAVEL COS,T (STURGEON) - 1.3648 - 13.136

TRAVEL COST (ANY TARGET SPECIES) -1.3067 -13.940

POPULATION (AMERICAN SHAD) 0.4616 5.762

POPULATION (CATFISH & B. BASS) 0.5493 6.976

POPULATION (KING SALMON) 0.4929 7.629

POPULATION (RAINBOW TROUT) 0.2820 3.443

POPULATION (STRIPPED BASS) 0.3702 6.305

POPULATION (STEELHEAD TROUT) 0.2366 3.430

POPULATION (STURGEON) 0.4587 6.549

POPULATION (ANY TARGET SPECIES) 0.7032 9.421

TOTAL CATCH (AMERICAN SHAD) 0.3256 3.239

TOTAL CATCH (CATFISH & B. BASS) 0.4427 4.019

TOTAL CATCH (KING SALMON) 0.2923 4.448

TOTAL CATCH (RAINBOW TROUT) 0.9015 8.938

TOTAL CATCH (STRIPPED BASS) 0.5094 8.812

TOTAL CATCH (STEELHEAD TROUT) 0.5681 6.978

TOTAL CATCH (STURGEON) 0.2107 3.534

TOTAL CATCH (ANY TARGET SPECIES) 0.3825 3.649
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Table 22. Average Catch Rates for Each Target Species

Average Total Catch for Average Species
Target Species Sample Catch Anglers Targeting Catch Rate (1991-

Rate / Hour the Species 1994)

American Shad 0.643 77,858 0.656

Catfish and B. Bass 0.339 20,898 0.294

King Salmon 0.042 8,588 0.060

Rainbow Trout 0.335 52,948 0.325

Stripped Bass 0.199 123,414 0.211

Steelhead Trout 0.076 8,216 0.108

Sturgeon 0.037 9,182 0.049

An), Target Species 0.093 9,202 0.092
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Table 23.A. American Shad Site Benefits

Parties Within Predicted Avg. Benefit Avg.
Total Angler Market Area Angler Parties Per Party Benefit Per Total Site

Site Parties An~ler Benefits

AMERICAN 3014 2922 1718 $39.99 $19.80 $120,500

FETH.-YUBA 5734 5598 1776 $49.28 $29.51 $282,600

SAC- 1 2974 2920 2251 $46.49 $23.01 $138,300

SAC-2 770 746 995 $42.66 $22.57 $32,800

SAC-3A 6922 6410 2209 $55.85 $27.79 $386,600

SAC-3B 4710 4362 1116 $41.13 $20.46 $193,700

¯ o~ II     24124.      22958 10065 $47.86 $25.03 $1,154,500

Table 23.B. Catfish and Black Bass Site Benefits

Parties Within Predicted Avg. Benefit Avg.
Total Angler Market Area Angler Parties Per Party Benefit Per Total Site

Site                  Parties Angler Benefits

FEATHER 4936 4884 2732 $15.40 $9.28 $76,000

SAC- 1A 2214 2186 1530 $35.68 $18.02 $79,000

SAC- 1B 3420 3376 3284 $10.33 $5.21 $35,300

SAC-2A 1894 1716 2577 $14.03 $7.12 $26,600

SAC-2B 1854 1682 699 $30.96 $15.71 $57,400

SAC-2C 1114 1010 539 $27.00 $13.71 $30,100

SAC-3 2142 2092 1372 $11.99 $6.62 $25,700

Total II 17574 16946 I 12733 $18.78 $9.97 $330,100

53

C--084230
(3-084230



Table 23.C. King Salmon Site Benefits

Parties Within Avg. Benefit Avg.
Total Angler Market Area Predicted Per Party Benefit Per

Parties Angler Parties Angler Total Site
Site Benefits

AMERICAN 4010 3846 5567 $16.89 $9.82 $67,700

FEATHER 11254 10834 7681 $16.39 $12.81 $184,500

SAC- 1A 1606 1566 1260 $26.72 $15.81 $42,900

SAC-1B 5030 4908 3648 $21.41 $12.67 $107,700

SAC-2A 4046 3790 3178 $21.58 $11.79 $87,300

SAC-2B 1314 1230 410 $41.70 $22.79 $54,800

SAC-3-4 7890 7512 6514 $15.69 $8.57 $123,800

¯ o~l II     35150 33686 28258 $19.02 $11.74 $668,700

Table 23.D. Rainbow Trout Site Benefits

Parties Within Predicted Avg. Benefit Avg.
Total Angler Market Area Angler Parties Per Party Benefit Per Total Site

Site Parties An~ler Benefits

AMERICAN 1812 1776 1567 $37.77 $22.76 $68,400

FETH.-YUBA 994 878 484 $51.57 $26.44 $51,400

SAC -3 3142 2990 2302 $46.92 $24.18 $147,400

SAC-4A 5308 4874 2200 $61.73 $29.39 $327,600

SAC-4B 7554 6936 4505 $51.11 $24.34 $386, 100

SAC-4C 11070 10164 4617 $54.29 $25.85 $601,000

Total II 29880 27618 [ 15675 $52.94 $25.78 $1,581,900

54

C--084231
C-084231



Table 23.E. Stripped Bass Site Benefits

Parties Within Predicted Avg. Benefit Avg.
Total Angler Market Area Angler Parties Per Party Benefit Per Total Site

Site Parties Angler Benefits

AMERICAN 2010 1956 4200 $8.44 $5.08 $17,000

FEATHER 11820 11820 3022 $16.11 $8.39 $190,400

SAC- 1A 19962 19444 24537 $19.98 $9.89 $398,900

SAC-1B 16702 16270 10385 $31.92 $15.80 $533,100

SAC- 1C 20534 20002 16995 $16.01 $7.93 $328,800

SAC-2A 7746 7602 5806 $19.16 $9.53 $148,400

SAC-2B 4184 4106 1928 $26.94 $13.41 $112,700

SAC-2C 6338 6222 3059 $22.04 $10.97 $139,700

SAC-3 5506 5404 6273 $11.97 $6.05 $65,900

I II 94802 92826 76205 $20.41 $10.45 $1,934,900

Table 23.F. Steelhead Trout Site Benefits

Parties Predicted Avg. Benefit Avg.
Total Angler Within Angler Parties Per Party Benefit Per Total Site

Site Parties Market Area Angler Benefits

AMERICAN-A 3544 3490 2165 $20.39 $13.41 $72,200

AMERICAN-B 2246 2210 953 $26.02 $17.12 $58,400

FEATHER-A 4836 4664 3372 $24.93 $17.81 $120,600

FEATHER-B 8558 8256 7538 $18.76 $13.40 $160,600

SAC-2-4 4084 3894 5933 $18.90 $10.16 $77,200

YUBA 1430 1370 609 $25.01 $13.66 $35,800

Total II 24698 23884 20570 $21.25 $13.96 $524,800
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Table 23.G. Sturgeon Site Benefits

Parties Within Predicted Avg. Benefit Avg.
Total Angler Market Area Angler Parties Per Party Benefit Per Total Site

Site Parties Angler Benefits

SAC-1A 5062 5014 4612 $28.58 $14.43 $144,600

SAC-1B 8476 8398 5550 $35.82 $18.09 $303,600

SAC-IC 4158 4120 3888 $19.41 $9.80 $80,700

SAC-2A 1282 1268 2175 $15.85 $7.58 $20,300

SAC-2B 3232 3194 1499 $27.73 $13,27 $89,600

SAC-3 2340 2340 1430 $12.82 $6.64 $30,000

Total [I     24550 24334 19154 $27.24 $13.69 $668,800

Table 23.H. No Target Species Site Benefits

Parties Within Predicted Avg. Benefit Avg.
Total Angler Market Area Angler Parties Per Party Benefit Per Total Site

Site Parties Angler Benefits

AMERICAN 3994 3878 2532 $17.02 $8.42 $68,000

FETH.-YUBA 3944 3806 1103 $23.20 $13.26 $91,500

SAC- 1A 3898 3846 5530 $23.07 $10.53 $89,900

SAC-1B 5428 5354 3011 $19.06 $8.71 $103,500

SAC-2A 2412 2340 2627 $22.78 $10.70 $55,000

SAC-2B 2038 1962 716 $40.88 $19.19 $83,300

SAC-3-4 6112 5712 3057 $16.82 $9.05 $102,800

Total II     27826 26878 18576 $21.35 $10.56 $594,000
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Table 24. Sensitivity Analysis of Target Species Benefits

Visitation Percentage Avg. Benefits Per Avg. Benefits Per
Target Species at TCm=~ Angler (TCmax*2) Angler (TCm~* 100)

American Shad 21.69% $43.73 $199.26

Catfish & B. Bass 4.19% $12.72 $18.53

King Salmon 4.54% $15.37 $26.91

Rainbow Trout 20.50% $46.77 $222.51

Stripped Bass 2.64% $12.59 $17.13

Steelhead Trout 11.52% $21.81 $62.35

Sturl~eon 5.25% $17.42 $27.25

No Target Species 4.01% $13.64 $22.73
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Table 25. Impact of Doubling the Catch of Each Target Species

Target Increase in Benefit Per
Species Baseline Angler Increase in Increase in Catch Additional

Parties An~ler Parties Benefits Fish Caught

American
Shad 24,124 3,262 $156,100 77, 858 $2.00

Catfish &
Black Bass 17,574 4,064 $76,400 20,898 $3.66

King Salmon
35,150           3,858         $73,400           8,588          $8.55

Rainbow
Trout 29,880 20,686 $1,095,100 52,948 $20.68

Stripped
Bass 94,802 27,145 $550,300 123,414 $4146

Steelhead
Trout 24,698 8,462 $179,700 8,216 $21.87

Sturgeon 24,550 1,172 $32,100 9,182 $3.50

An~� Species 27,826 5,038 $107,600 9,202 $11.69

TOTALS 278,604 73,687 $2,270,700 310,306 ---
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Appendix I. Further Analysis of Fishing Quality Effects

The independent variable TOTAL CATCH was chosen to represent own-site target species
fishing quality. The reason was that this variable produced satisfactory model results and
reasonable policy predictions. However, there are two main limitations associated with this
variable choice. The first possible problem is that the variable may not be totally exogenous to
the system. This issue is discussed in Anderson (1993). The total catch of species along a river
stretch is theoretically a function of two concepts. First, total catch is related to the underlying
fishing quality of the site. Fishing quality is a fimction of such variables as the catch rate of the
species (which is in turn related to the fish population) and the quality of the fish caught at the
site (i.e., the likelihood of a "trophy" fish). Second, the total catch also seems to be a function of
the visitation at a site. A higher visit total should result in a higher catch. The problem is that a
visitation concept is on the right hand side of the demand equation and the satisfactory
performance of the variable TOTAL CATCH may be a result of the specification rather than any
behavioral response to changes in fishing quality. Further, the coefficient may be misleading and
policy analysis based on changes in TOTAL CATCH may not be valid.

The variable TOTAL CATCH may still represent a concept exogenous to the system if the
two effects (fishing quality and visitation) can be disentangled. It may be that TOTAL CATCH
is proportional to fishing quality more than visitation. Unfortunately, the poor performance of
CATCH RATE, which seems like a more exogenous fishing quality variable, suggests that
insufficient data were available to fully separate the effects. Consider that one way to
conceptualize TOTAL CATCH is to set it equal to the angler catch rate of the species times
visitation in the model specification:

Y, = X~. * (CATCH RATE.*Y.)~’ (A1)
1    !

where X is all other variables in the demand equation. The above equation could be written as:

Yi/~’= ~i * CATCH RATF~’i (A2)

so the impact of fishing quality can be isolated. The estimation of equation A1 may be
problematic since the significance of the coefficient onfl’ is likely to be overstated. So, the
coefficients on TOTAL CATCH may still be unbiased, though the t-statistic may be inflated, but
there is no definitive test that can be made with the available data.

The second problem with the TOTAL CATCH variable is that it is based on cross-section
variability. As mentioned previously, the number of sites is quite low which may cause
estimation problems. In addition, there is no time variability of fishing quality in the model. The
impacts of changes in fishing quality are inferred from a cross-section rather than using a time
series of fishing quality at individual sites. Exploring how visitation responds to fishing quality
changes at a site is an important policy issue. A brief discussion of this topic is possible with
additional data.
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The angler surveys used for the models in this report were conducted from July 1993 to July
1994. However, angler surveys were conducted previous to this period, though origin zip codes
were not elicited. These surveys asked anglers of their fish catch and can be used to derive
estimates of population fish catch at fiver sites. Wixom, et al. (1995) have published a report
which presents annual fish catch values for the seven base destination sites 1991-1994. For each
site, the variable CATCH RATE is defined as the number of target species fish caught per angler
hour. Visitation is in terms of angler hours per site. Since four years data are available, one can
determine whether visitation increases at a site for years when the catch rate is higher.

Figures A1.A.-A1.H. plot visitation against catch rates for each target species. Each graph
plots visitation at a site on the Y-axis and catch rates on the X-axis. For each site, a trend line is
plotted based on four annual observations. Note that the observations are riot in chronological
order but are instead in order of catch rates. The Yuba River was only surveyed in 1993 and
1994 so it does not appear on the graphs. Some sites have negligible visitation for a species and
were excluded from the graphs.

If visitation responds positively to catch rates, then one would expect to see upward sloping
lines on each of the graphs. Many of the trend lines do slope upward. For example, the Stripped
Bass and Sturgeon graphs generally show that visitation increases as the catch rate increases.
Some graphs give mixed results. Most of the King Salmon trend lines slope upward but the line
for the Feather River slopes steeply downward. A similar case is the American Shad graph,
which displays three upward sloping lines but two downward sloping lines.

The graphs are generally inconclusive. One can not state unequivocally that visitation will
increase as catch rates increase, especially at all sites. While the graphs do not control for other
factors, such as substitution effects, they give visual evidence for the poor performance of the
CATCH RATE variable. Two further research options exist. The additional years of fish catch
data could be merged with the visitor data used in this project to obtain more variation on fishing
quality. This would be a more technical exploration of the impact of fishing quality on visitation
and benefits. Second, one could obtain more data on fishing quality. Data may be available prior
to 1991. The more patient option is to wait until more data becomes available. If angler surveys
continue to be conducted, then a model with more time series variation in fishing quality could
eventually be estimated.

A method exists for checking the results of using TOTAL CATCH. A policy scenario as a
result of a change in TOTAL CATCH will produce a new visitation estimate. By comparing the
model visit predictions with the new value of TOTAL CATCH, an implied catch rate can be
inferred from the model. If the implied catch rates seem unreasonable, then the validity using
TOTAL CATCH as an independent variable is suspect.
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Appendix II. Users Guide to the SAS Policy Analysis Program

The model described in this report can be used to estimate the impact of various policy
scenarios, such as changes in fish catch and visit forecasts based on demographic projections. A
SAS computer program has been constructed to apply the model to any policy scenarios where
changes are made to the included independent variables. This appendix presents a users guide to
the program.

The program uses two external data files. The first is the main data file used to estimate the
model. The second is a data file which is used to calculate the variable SUB INDEX. Note that
changes in own-site fish catch will also change values of SUB_INDEX. The substitute index
data file contains origin-site-species combinations which are not included in the main data file.

The program length is 613 lines though many of the lines are blank. Many other lines include
comments which assist the user to understand the steps of the program and indicate where to
make policy changes. The program is comprised of six basic sections:

1.Estimate the angler demand model
2.Calculate angler benefits
3.Input any changes in fishing quality
4.Re-calculate values of SUB INDEX
5.Input any other policy changes
6.Calculate visit and benefit changes.

The first two sections demonstrate the model estimation. While the model does not need to be
estimated for each policy scenario, this allows one to explore modelling options such as
exclusion of certain variables or specifying new variables. An original copy of the program
should be saved before any changes are made. The program produces three types of output in the
SAS log window. First, the estimated model is presented. Second, the baseline benefits are
displayed for each site-species combination. Finally, the visit predictions and benefit estimates
of any policy changes are output. Note that if the original program is run, the benefits will be the
same in both pieces of output.

The SAS program creates many data sets through various merging procedures. To assist the
user, Table A2.1. lists each data set with a brief description and the number of observations.
While a user of the program may explore many possibilities, policy scenarios can be analyzed
simply by focusing on a small section of the program.

The first policy scenario considers a change in the total catch of any target species at any site.
Lines 434-488 of the program contain the baseline values offish catch for each target species at
each site. These lines are located shortly after the data set SUB is read by the program. Changes
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in the catch of any site-species combination are made by writing over the existing values. For
example, the line:

IF TARGET = ’AS’ AND SITE = ’AMERICAN’ THEN CATCH = 3244;

can be changed to:

IF TARGET = ’AS’ AND SITE = ’AMERICAN’ THEN CATCH = 6488;

to explore what happens if American Shad catch doubles along the American River. Again,
make sure a copy of the original program is saved. Once the changes are made, the program can
be run. The output will still include the estimated model and baseline angler benefits. The final
section of output will present the baseline and new visit predictions, the new benefit estimates,
and the change in benefits.

The program can also be used to estimate the impact of changes in other independent
variables. These changes are made under the MERGE3 data step. For example, consider the
effect of a 10% increase in population for all origin zones. After line 522:

L_CAUGHT = LOG(CAUGHT);

one can input two new data lines:

PEOPLE = PEOPLE * 1.10;
L_POP = LOG(PEOPLE);.

This can be simplified into one line as:

L_POP = LOG(1.10) + L_POP;

sinceboth approaches produce the correct change in L_POP. If the data are available, separate
changes could be made for each origin zone. However, this would require a new line of program
for each origin zone.
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Table A2.1. Description of Data Sets in the SAS Policy Program

Data Set Name Description

MAIN The main travel cost data set used to estimate the demand model (1288
observations)

COEFFS The estimated model coefficients (1 observation)

RENAME The estimated model coefficients given new names to allow merging with
the MAIN data set (1 observation)

MERGE1 A merging of the MAIN and RENAME data sets allowing prediction of
the dependent variable (1288 observations)

SUMOUT1 The summed unadjusted visit predictions (270 observations)

CALC The adjusted visit predictions and benefits for each site-species
combination (54 observations)

SUB The data set used to calculate the substitute indices (2747 observations)

STATS 1 The sum of substitute indices for each origin-species combination (355
observations)

MERGE2 A merging of the MAIN and STATS 1 data sets as an intermediate step in
calculatin~ the substitute indices (1288 observations)

MERGE3 A merging of SUB and MAIN as the final step in calculating the
substitute indices (1288 observations)

MERGE4 A merging of MERGE3 and RENAME so visit predictions and benefits
can be calculated under the polic;� scenario (1288 observations)

SUMOUT2 The new unadjusted visit predictions (270 observations)

CALC2 The summed unadjusted visit predictions for each site-species
combination (54 observations)

MERGE5 A merging of CALC and CALC2 which calculates the adjusted visit
predictions and benefits under the policy scenario and compares them
with baseline visits and benefits (54 observations)
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Abstract

This document supplements the report titled "A Travel Cost Analysis of Angler Benefits
by Target Species Along Four California Rivers" by Brian Roach and John Loomis, December,
1995. This supplement incorporates additional data on sportfish catch outside of the original
July 1993-July 1994 study period. A summary report by Lynn H. Wixom, Lynn H., Joe
Pisciotto, and Candace Lake titled "Final Performance Report. Project #27 Inventory,
Sacramento River System Sport Fish Catch, Job 1, Estimate Harvest and Angler Use" published
by California Department of Fish and Game (June 1995) allows fish catch data from January
1991-December 1994 to be analyzed.

A new travel cost model is estimated using the additional data. The additional data
appears to produce a model with more reasonable coefficients on the fish catch variables.
Baseline benefits accruing to anglers along the four rivers are estimated to be approximately $7.9
million annually. Anglers targeting Stripped Bass and King Salmon receive the highest overall
consumer surplus. The benefits of doubling the catch of all species is estimated to be about $1.8
million annually. A companion SAS policy analysis program allows analysis of a broad range of
policy scenarios.

I. Introduction

This supplemental report extends previous research on angler benefits along California
rivers by Roach and Loomis (1996). Much of the analysis described in this report will refer back
to the previous research (referred to as the base report) for details. The main purpose of this
report is to further analyze the impact of fishing quality on angler visitation and benefits. One of
the limitations of the base report is that cross-sectional variation in fishing quality is to used to
estimate the impact of fishing quality. The data described in the base report include no time
variation on fishing quality. Fishing quality is measured as the total catch of species k at site j
during the study period (July 1993-July 1994). The estimated coefficients are then used to make
out of sample predictions in response to fishing quality changes. Some of the results presented in
the base report seem contrary to expectations. The benefits of catch increases for some
apparently desirable species, such as King Salmon and Sturgeon, are relatively low. The benefits
of increased catch for other species, such as Rainbow Trout, seem higher than expected. This
report represents an attempt to obtain more valid forecasts in response to fishing quality changes.

The travel cost analysis described in the base report is based on angler surveys conducted
by California Fish and Game between July 1993 and July 1994. Since visitor origins were
elicited during the surveys, a zonal travel cost analysis was feasible. Anglers were also asked
which species they were targeting and their catch of several species. However, the entire
surveying period by CA Fish and Game was January 1991 through

December 1994. Since visitor origins were not elicited prior to July 1993, a travel cost analysis
based on the full four year data set is not directly possible.
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Findings of the four year survey period are given by Wixom, et al. (1995). This report
presents additional data on fish catch, by target species and base site. Data is provided for 1991-
1994 by month. The report also includes information on visitation by base site, target species,
and month. Thus, the Wixom, et al. report can be used to determine the values of the dependent
variables TOTAL CATCH, CATCH RATE, and SUB-INDEX (as described in the base report)
for all target species and base sites by year. In other words, fishing quality in Wixom, et al.
varies by target species, base site, and year. The travel cost analysis in the base report only varies
by target species and site. The base report made no use of the time variation in catch. This
supplemental report attempts to incorporate the Wixom, et al. additional data with the travel
patterns from the July 1993 to July 1994 survey period.

This report describes the assembly and analysis of a new data set which combines the
data set from the base report with the Wixom, et al. data. Note that the base report describes a
data set with 1288 observations. The dependent variable is estimated angler party visitation from
origin i to site j for species k. The new data set will simply add another index to the dependent
variable, variation by year 1. Since there are four years of data, the new data set will contain four
times as many observations (5152). Many steps are required to construct the new data set and
several assumptions must be made.

The next section describes the steps taken to obtain values of the dependent variable.
Then, the definitions of the independent variables are given. Section IV describes the data
analysis. Section V presents policy analysis based on the new model.

II. Dependent Variable

II.A. Dependent Variable Definition

The dependent variable for this analysis is estimated angler party visitation from origin i
to site j for target species k during year i within the market area. The Wixom, et al. report
presents data on angler hour visitation by target species to each of the seven base sites. As
described in the base report, these sites include four stretches of the Sacramento River and
stretches of the American, Feather, and Yuba Rivers. Note that the "base" sites often differ from
the "final" sites since base sites were often divided into smaller stretches. This issue is further
discussed later in this section. The angler hour visitation records given by Wixom, et al. need to
be converted into angler party visitation. Then, estimated angler party visitation needs to be
distributed amongst the origins within the market areas.

II.B. Estimation of Total Visitation

This section describes the three steps taken to convert angler hour visitation values into
angler party visitation. The first step converts angler hours to anglers, the second step converts
anglers to angler parties, and the third step restricts visitation to market area estimates.
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Angler hours are converted to anglers by dividing by the average trip length (in hours).
The Wixom, et al. report presents angler hour visitation by target species and base site in Tables
3-6 (one for each year, 1991-1994). Table 7 presents data on mean length of an angler day by
base site and target species. The mean length of an angler day is presented as an average for the
study period. Thus, it is assumed that the length of an angler day is constant during the 1991-
1994 period of analysis. For most cases, the conversion from angler hours to angler was a simple
division. However, some cases were more complicated were base sites or target species were
combined. Also, mean length of an angler day was not given for those seeking any target
species.

In some cases, base destination sites were combined to define a larger final site. Section
III.B.3. of the base report describes the definition of final destination sites. For combined
destination sites, the mean length of an angler day was weighted according to the proportion of
angler hours accruing to each site.

As described in the base report, the target species of catfish and black bass were
combined. Wixom, et al. lists angler visitation values separately for these species. Once again,
the mean length of an angler day was determined by using weights based on the proportion of
angler hours accruing to each species.

Since the mean length of an angler day for those seeking any species was not given by
Wixom, et al., an estimate needed to be made. The mean length of an angler day by base site for
those seeking any species was obtained from the July 1993-July 1994 data. However, this value
is an underestimate of the actual mean since it includes anglers who were not finished fishing for
the day. By comparing average values by target species from Wixom, et al. and the July 1993-
July 1994 data, it was found that the Wixom, et al. values were, on average, about 21% higher.
The estimates of mean angler day for those seeking any species were expanded by 1.21.

Finally, the Yuba River was not surveyed in 1991 and 1992. An estimate of angler hour
visitation by base site needed to be made for the Yuba River for 1991 and 1992. Data on Yuba
River visitation for 1993 and 1994 was used to determine the proportion of total angler hour
visitation by target species occurring along the Yuba River. These average proportions were
used to estimate angler hour visitation along the Yuba River for 1991 and 1992.

Tables 1A.-1D. present estimates of total angler visitation by base site and year. Note
that some base sites have been combined to conform with final destination site definitions.
Overall, estimated angler visitation ranges from a low of 574,037 in 1992 up to 675,487 in 1991.
Variation by target species is more pronounced. For example, an estimate of 94,820 anglers
targeted King Salmon in 1992 while 189,600 targeted King Salmon in 1994. This variation by
target species across years is expected to increase the validity of the model to predict the impacts
of changes in fishing quality.

The next step is to convert angler visitation to angler party visitation. The average size of
an angler party is presented in Table 14 of the base report. By dividing estimated angler
visitation by the average size of an angler party, an estimate of total angler party visitation is
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obtained. These estimates are presented in Tables 2A.-2D. Angler party visitation tends to be
highest for King Salmon or Stripped Bass, with those seeking any species third. These three
categories account for 60%-70% of all angler party visitation.

Finally, visitation estimates must be obtained for within the defined market areas of the
base report. The results of Tables 15 and 17 from the base report were used to determine the
proportion of angler parties originating from within the market areas. In most cases, the vast
majority of angler parties (over 95%) originated from within the market area. Estimates of
market area visitation by base site, target species, and year are given in Tables 3A.-3D. The next
step is to distribute these visitation estimates to the final destination sites and origins.

II.C. Visitation Distribution

In many cases, the angler party visitation values presented in Tables 3A.-3D. needed to be
distributed from a large "base" site to two or three smaller "final" destination sites. The
definitions of all such divided base sites are given in Table 4 of the base report. The distribution
was based on visitation patterns from the July 1993-July 1994 data. For example, this data
indicates that 78.4% of the angler parties along the SAC_3 base river stretch visited the
SAC 3 A final river stretch while the other 21.6% visited the SAC 3 B stretch. In this manner,
estimated angler party visitation by target species, final destination site, and year was determined.

The other distribution step is to divide visitation amongst the origins within the market
area. The July 1993-July 1994 data set was used to make this distribution. First, total angler
party visitation by target species and final destination site was determined. By using the
expansion procedure described in Section III.B.7. of the base report, visitation for each
observation was calculated. Then, the proportion of total visitation, by target species and final
site, occurring in each origin was determined. A data set was saved with these proportions.
Finally, the angler party visitation values in Tables 3A.-3D. can be distributed to each origin.
This produces the dependent variable for this analysis, estimated market area angler party
visitation for all origins by target species, final destination site, and year.

III. Independent Variables

Most of the independent variables used in this analysis were simply copied from the data
in the base report. For example, values of origin specific demographic variables, such as
POPULATION and INCOME, are the same values used in the base report. The only variables
which differ are the fishing quality variables. Calculation of these variables is described below.

Wixom, et al. presents estimates of the total fish kept and released by target species and
base site. No data is presented on the catch of non-target species. However, since the catch of
non-target species was found to an insignificant factor in the travel cost analysis in the base
report, exclusion of this variable should not present a significant problem. Similar to the
distribution of visitors, fish catch needed to divided amongst base sites which were divided into
two or three smaller final sites. Again, the data from the July 1993-July 1994 surveys were used
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to make these distributions. The total fish catch was estimated for each final destination site by
target species and year. The catch rate of each target species, by destination site, was also
included as a potential variable for analysis-.

These fish catch total form the basis for new values of the substitute index. Any change
in target species catch at one or more sites will change the value of SUB-INDEX for all
observations for the target species. Values of SUB-INDEX were calculated for all origin, target
species, and final site designations for each year of analysis (1991-1994). These new values of
SUB-INDEX were then merged with the rest of the data set.

IV. Data Analysis

As described in the base report, double-log least squares regressions were estimated on
the data set. With increased variation in catch rates, an attempt was made to use it as the fishing
quality variable. However, similar to the base report, erratic results by target species suggested
that using total fish catch would be better.

The model presented in Table 4 is the new angler demand model. The model contains
5152 observations and the R-squared is 0.605. The coefficients on most variables besides
TOTAL CATCH are relatively similar to those estimated in the base report. Coefficients on
travel cost are similar since no additional variation has been added to the model. Demographic
variables also have similar coefficients. The t-statistics are higher because the model contains
more observations.

Since additional data has been incorporated on fishing quality, the coefficients on these
variables may differ from those presented in the base report. In general, the additional data has
had a moderating effect on the elasticities with regard to TOTAL CATCH. In the base report, the
target species with the highest elasticity for TOTAL CATCH is Rainbow Trout (0.9015). In
Table 4, the new estimated coefficient is 0.6740, a decrease of about 25%. The species with the
lowest elasticity in the base report is Sturgeon (0.2107). The Sturgeon catch coefficient in Table
4 is 0.3185, more than a 50% increase. The catch coefficient for King Salmon has also increased
significantly from 0.2923 to 0.4138, more than a 40% increase. Overall, the range between the
highest and lowest coefficient has decreased from 0.69 to 0.39.

The model presented here in Table 4 must be viewed as an improvement over the model
in the base report. The additional variation on fish catch has significantly changed several of the
coefficients on TOTAL CATCH. The coefficients appear more reasonable since the elasticity
with regards to King Salmon and Sturgeon has increased while the elasticity of Rainbow Trout
catch has decreased. The next section will present policy analysis based on this improved model.
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V. Policy Analysis

V.A. Overview of Policy Analysis

The policy issues to be analyzed in this report is similar to that of the base report. Per-
user and total benefits are estimated for each site and target species. The impact of changes in
fish catch are also calculated. Policy options will be analyzed using 1991-1994 averages as a
baseline. For each site and target species, the baseline visitation and benefits are presented.

V.B. Consumer Surplus Estimates

Tables 5.A.-5.H. are similar to Tables 23.A.-23.H. of the baseline report. The baseline
visits, in terms of angler parties, are annual averages of the 1991-1994 period. Average benefits
per angler party and per angler are similar to those obtained in the base report. All per angler
benefit estimates are within 10% of those presented in the base report, except for Steelhead
Trout. Average benefits per angler for Steelhead Trout are about 17% higher in Table 5.F.

In the base report, total consumers surplus was estimated to be about $7.5 million during
the thirteen month study period. Tables 5.A.-5.H. estimate the average annual consumer surplus
along all river segments to be $7.9 million, slightly higher than the base report. While overall
benefits are comparable, the distribution of benefits have changed significantly. Rainbow
Trout benefits decreased from about 21% of total angler benefits down to only 11%. Stripped
Bass benefits decreased from 26% to 22% of the total. Meanwhile, King Salmon benefits
increased from less than 9% of the total up to 21%. An increase from 8% to 13% is displayed for
those seeking no target species.

Tables 5.A.-5.H. estimate average annual visitation at all sites for all target species to be
about 332,000 angler parties. During 1991-1994, total angler party visitation is estimated to be
1,330,000 angler parties. This compares to about 280,000 angler parties during the July 1993-
July 1994 survey period of the base report. These estimates imply that visitation outside of the
July 1993-July 1994 was about 1,050,000 angler parties (about 30,000 per month). For the July
1993-July 1994 period, average monthly visitation was only about 22,000. These results suggest
that the July 1993-July 1994 study period of the base report was not fully representative of the
1991-1994 period. Overall angler visitation was lower during the July 1993-July 1994 and total
benefits were distributed differently. Note that the model in Table 4 is still based on visitor
distributions during July 1993-July 1994. The possibility that these visitation patterns are not
fully representative can not be discarded. Thus, some bias may be present in the per user benefit
estimates. However, without additional survey data, the direction and magnitudes of such bias
can not be determined.

V.C. Benefits Associated with Increases in Fish Catch

The impact of doubling the catch of all target species is analyzed in Table 6. Doubling
the catch is associated with a 23.1% increase in angler party visitation and a similar increase in
benefits. Table 6 can be compared with Table 25 of the base report. Table 25 shows an increase
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in benefits of $2,270,700 associated with a doubling of the catch for the thirteen month period
($175,000 per month). Table 6 of this report estimates the monthly benefit to be $152,000.
Again, the distribution of benefits is different. In the base report, King Salmon benefits
comprised only about 3.2% of the total additional benefits. In Table 6, King Salmon benefits are
slightly over 20% of the total benefit increase.

The average benefits per fish caught have also changed for several species. While the
values are similar to Table 25 of the base report for King Salmon anglers and those seeking any
species, the other averages have changed significantly. The benefits per additional fish caught
for American Shad and Rainbow and Steelhead Trout have declined by 65%, 60%, and 75%
respectively. The benefits per additional fish caught of Sturgeon have increased by nearly 50%.
Averaged across all species, the benefit per additional fish caught is $3.82.

V.D. SAS Policy Simulation Program

Similar to the base report, a companion SAS computer program has been created to apply
the model in this report. The revised SAS program is slightly different from that of the base
report. The model is not estimated each time the program is run. Instead, the estimated
coefficients from Table 4 have been entered into the program. The SAS program sets baseline
visitation and fish catch to be equal to 1991-1994 average. The model is calibrated to correctly
predict baseline visits and produce the benefit estimates in Tables 5.A.-5.H.

The SAS policy analysis program contains 285 lines but many lines are blank or contain
notes to the user. Lines 1-127 calculate baseline angler party visitation and benefits and
calibrates the model to correctly predict baseline visits. Lines 129-268 allow the analysis of a
policy scenario under which total catch or demographic variables are changed. The program
automatically updates the values of SUB_INDEX when total catch is changed at any site-target
species combination. Lines 270-285 compare baseline visitation benefits with those under the
policy scenario.

The program produces three sections of output. The first section gives the baseline visits
and consumer surplus by target species and site. The benefit estimates are all in 1994 dollars.
These baseline values will be the same each time the program is run. The second output contains
the estimated angler party visitation and consumer surplus under any policy changes, by target
species and site. Then, the next output table presents a side by side comparison of the baseline
and policy scenarios. The final output compares total consumer surplus under the baseline and
policy scenarios summed over all target species and sites.

Policy scenarios are analyzed by making changes to the program. Remember to save a
copy of the original program before changes are made. Lines 147-200 define the baseline values
of total catch for each target species-site combination. Changes may be manually made to any of
these observations. If broad changes are to be considered, such as a doubling of the total catch of
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all target species, the variable CATCH may be changed with inserted lines. For example, the
line:

CATCH = CATCH * 2;

inserted after line 200 will analyze the impact of doubling the total catch of all species. The line:

IF TARGET = ’SH’ THEN CATCH = CATCH * 1.5;

inserted after line 200 analyzes the impact of a 50% increase in Steelhead Trout catch of all sites.

The impact of a change in demographics may also be analyzed. These changes should be
made before the variable PRED2 is calculated (before line 241). For example, the lines:

PEOPLE = PEOPLE * 1.05;
L_POP = LOG (PEOPLE);

inserted before line 241 analyze the impact of a 5% increase in population at all origin zones.
Another possible policy scenario is the impact of a change in travel costs. Gasoline costs
normally account for two-thirds of variable vehicle operations costs. Thus, a 20% increase in gas
costs would lead to a 13.3% increase in variable vehicle costs. The lines:

COST = (MILES*0.092* 1.133) + (TIME*2*WAGES*0.33333*GROUP);
L_COST = LOG(COST);

analyze the impact of a 20% increase in gasoline prices. Note that baseline variable vehicle costs
are $0.092 per mile in 1994 dollars. All policy variables measured in dollars should be converted
to 1994 dollars for conformity to the model.
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Table 1A. Estimated Angler Visitors (1991)

Si~
Target
Species          AR    SAC2        FR     SAC1     SAC3     YR SAC4

AS          13654      1747     117272      4930     16406 ....

BB&CF          --    12512      6512     26248      3997 ....

KS          40239    17421     40389     15341     511393 ....

RT           2518        --      24142         --      6340       -- 27153

SB           6675    33384      6176    123577     13565 ....

SH          10843     76071      9454 .... 2858        --

ST             --     4471         --     36224       558 ....

ANY         27144     10338     197972     44120     180093 ....

Table lB. Estimated Angler Visitors (1992)

Si~
Target
Snecies AR SAC2 FR SAC 1 SAC3 YR    SAC4

AS 4349 1314 110672 6062 11502 ....

BB&CF -- 12805 10669 21080 5133 ....

KS 20875 13192 20451 13031 272713 ....

RT 2069 -- 14382 -- 3812 -- 37531

SB 6387 24307 7996 120007 10410 ....

SH 10805 51841 7942 .... 2433 --

ST -- 7309 -- 41990 1558 ....

ANY 17104 15201 ~195242 43447 87823 ....

1 - Combined with SAC3 and SAC4 fiver segments
2- Combined with YR fiver segment
3 - Combined with SAC4 fiver segment
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Table 1C. Estimated Angler Visitors (1993)

Site
Target
Sr~ecies AR SAC2 FR SAC 1 SAC3 YR SAC4

AS .I 8422 550 143232 9817 11418 ....

BB&CF -- 10840 10037 18066 2489 ....

KS 37688 17489 39338 16224 349863 ....

RT 2324 -- 14612 -- 2739 -- 25054

SB 8006 31970 25799 92590 13158 ....

SH 10778 42611 15675 .... 2399 --

ST -- 6496 -- 31744 908 ....

ANY 23998 9153 184742 40281 101893 ....

Table 1D. Estimated Angler Visitors (1994)

Sire
Target
Snecies          AR    SAC2        FR     SAC 1      SAC3     YR SAC4

AS           7573      1800      62472      9275     11564 ....

BB&CF          --     8940      8491     13611      2891 ....

KS          32075    25888     43513     35583     525413 ....

RT           3904        --      26932         --      5965       -- 25782

SB          5835    33458     12276    103349      9042 ....

SH          11659     62021      15712 .... 4170        --

ST              --     7179         --     27090       974 ....

ANY         14794    13506     102252     22264      79383 ....

1 - Combined with SAC3 and SAC4 river segments
2 - Combined with YR river segment
3 - Combined with SAC4 river segment

10

C--084254
C-084254



Table 2A. Estimated Angler Party Visitation (1991)

Sire
Target
Snecies          AR    SAC2        FR     SAC 1      SAC3     YR SAC4

AS           6759       924      70222      2441       8162 ....

BB&CF          --     6351      3923     13257      2208 ....

KS          23395     9520     31554      9078     279453 ....

RT           1517         --      12382          --       3268       --    12930

SB           4021     16609      3217     61177      6851 ....

SH           7134     4090~      6753 .... 1562       --

ST              --     2139         --     18295        289 ....

ANY         13438     4854     113132     20146      96823 ....

Table 2B. Estimated Angler Party Visitation (1992)

Site
Target
Snecies          AR    SAC2        FR     SAC 1      SAC3     YR SAC4

AS           2153       695      66272      3001       5722 ....

BB&CF           --     6500      6427     10646     . 2836 ....

KS          12137     7209     15977      7711    ,149023 ....

RT           1246        --       7372         --       1965       o- 17872

SB          3848    12093      4165     59409      5258 ....

SH           7109     27871       5673 .... 1330       --

ST             --     3497         --     21207       807 ....

ANY          8467     7137     111572     19839      47223 ....

1 - Combined with SAC3 and SAC4 fiver segments
2- Combined with YR fiver segment
3 - Combined with SAC4 fiver segment
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Table 2C. Estimated Angler Party Visitation (1993)

Si~
Target
Snecies AR SAC2 FR SAC 1 SAC3 YR SAC4

AS 4169 291 85772 4860 5681 ....

BB&CF -- 5503 6046 9124 1375 ....

KS 21912 9557 30733 9600 191183 ....

RT 1400 -- 7492 -- 1412 --    11930

SB 4823 15905 13437 45837 6645 ....

SH 7091 22911 11196 .... 1311 --

ST -- 3108 -- 16032 470 ....

ANY 11880 4297 105572 18393 54783 ....

Table 2D. Estim~edAnglerPartyVisitation (1994)

Ske
Target
Species AR SAC2 FR SAC1 SAC3 YR SAC4

AS 3749 952 37412 4592 5753 ....

BB&CF -- 4538 5115 6874 1597 ....

KS 18648 14146 33995 ,21055 287113 ....

RT 2352 -- 13812 -- 3075 -- 12277

SB 3515 16646 6394 51163 4567 ....

SH 7670 33341 11223 .... 2279 --

ST -- 3435 -- 13682 505 ....

ANY 7324 6341 58432 10166 42683 ....

1 - Combined with SAC3 and SAC4 fiver segments
2- Combined with YR fiver segment
3 - Combined with SAC4 fiver segment
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Table 3A. Estimated Angler Party Visitation Within Market Area (1991)

Site
Target
St~ecies AR SAC2 FR SAC1 SAC3 YR SAC4

AS 6549 895 68532 2397 7925 ....

BB&CF -- 5760 3880 13085 2157 ....

KS 22436 8920 30387 8860 266043 ....

RT 1487 -- 10932 -- 3111 -- 11870

SB 3912 16293 3217 59586 6721 ....

SH 7020 38981 6517 .... 1496 --

ST -- 2113 -- 18130 289 ....

ANY 13049 4694 109172 19864 90533 ....

Table 3B. Estimated Angler Party Visitation Within Market Area (1992)

Site
Target

Sr~eeies AR SAC2 FR SAC1 SAC3 Y-R. SAC4

AS 2086 673 64682 2947 5556 ....

BB&CF -- 5896 6356 10508 2771 ....

KS 11639 6755 15386 7526 141873 ....

RT 1221 -- 6512 -- 1871 -- 16406

SB 3744 11863 4165 57864 5158 ....

SH 6995 26561 5474 .... 1274 --

ST -- 3455 -- 21016 807 ....

ANY 8221 6901 107672 19561 44153 ....

I - Combined with SAC3 and SAC4 river segments
2 - Combined with YR river segment
3 - Combined with SAC4 river segment
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Table 3C. Estimated Angler Party Visitation Within Market Area (1993)

Site
Target
Species AR SAC2 FR SAC1 SAC3 YR SAC4

AS 4040 282 83712 4773 5516 ....

BB&CF -- 4991 5979 9005 1343 ....

KS 21014 8955 29596 9370 182003 ....

RT 1372 -- 6612 -- 1344 -- 10952

SB 4693 15603 13437 44645 6519 ....

SH 6978 2183t 10804 .... 1256 --

ST -- 3071 -- 15888 470 ....

ANY 11535 4155 101882 18135 51223 ....

Table 3D. Estimated Angler Party Visitation Within Market Area (1994)

Site
Target

[Species AR SAC2 FR SAC 1 SAC3 YR SAC4

AS 3633 922 36512 4509 5586 ....

BB&CF -- 4116 5059 6785 1560 ....

KS 17883 13255 32737 20550 273333 ....

RT 2305 -- 12192 -- 2927 --    11270

SB 3420 16330 6394 49833 4480 ....

SH 7547 3177~ 10830 .... 2183 ’ --

ST -- 3394 -- 13559 505 ....

ANY 7112 6132 56382 10024 39913 ....

1 - Combined with SAC3 and SAC4 fiver segments
2- Combined with YR fiver segment
3 - Combined with SAC4 fiver segment
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Table 4. Final Angler Demand Model

Variable Name Estimated Coefficient T-Statistic

Intercept - 11.3746 -5.171

INCOME -1.5637 -15.545

EDUCATION 7.2326 8.638

OVER-65 0.0229 0.285

DENSITY 0.00008 0.005

SUB-INDEX -0.1224 -6.685

RETAIL PRICE 5.1627 7.047

TRAVEL COST (AMERI,CA, N SHAD) -0.8761 -17.673

TRAVEL COST (CATFISH & B. BASS) - 1.4519 -25.479

TRAVEL COST (KING SALMON) -1.2690 -28.810

TRAVEL COST (RAINBOW TROUT) -0.9106 - 17.575

TRAVEL COST (STRIPPED BASS) -1.4864 -36.906

TRAVEL COST (STEELHEAD TROUT) -0.9643 - 18.151

TRAVEL COST (STURGEON) - 1.3286 -26.104

TRAVEL COST (ANY TARGET SPECIES) -1.2827 -27.919

POPULATION (AMERICAN SHAD) 0.5005 12.700

POPULATION (CATFISH & B. BASS) 0.5419 14.769

POPULATION (KING SALMON) 0.4664 14.970

POPULATION (RAINBOW TROUT) 0.3746 9.284

POPULATION (STRIPPED BASS) 0.3901 13.593

POPULATION (STEELHEAD TROUT) 0.3721 9.769

POPULATION (STURGEON) 0.4037 11.821

POPULATION (ANY TARGET SPECIES) 0.6278 17.133

TOTAL CATCH (AMERICAN SHAD) 0.2225 5.194

TOTAL CATCH (CATFISH & B. BASS) 0.4063 9.568

TOTAL CATCH ( .KIN, G SALMON) 0.4138 17.412

TOTAL CATCH (RAINBOW TROUT) 0.6740 17.730

TOTAL CATCH (STRIPPED BASS) 0.4809 19.389

TOTAL CATCH (STEELHEAD TROUT) .... 0.2804 5.760

TOTAL CATCH (STURGEON) 0.3185 14.8,46 ......

TOTAL CATCH (ANY TARGET SPECIES) 0.4184 8.695
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Table 5.A. American Shad Site Benefits

Average Baseline Avg. Benefit Avg. Benefit Total Site
Site Angler Parties Per Part~ Per Angler Baseline Benefits

AMERICAN 4208 $36.75 $18.19 $154,600

FETH.-YUBA 6492 $46.58 $27.89 $302,400

SAC- 1 3724 $43.48 $21.53 $161,900

SAC-2 716 $39.33 $20.81 $28,200

SAC-3A 3949 $54.08 $26.91 $213,600

SAC-3 B 2689 $38.69 $19.25 $104,000

Total II 21778 $44.30 $23.17 $964,700

Table 5.B. Catfish and Black Bass Site Benefits

Average Baseline Avg. Benefit Avg. Benefit Total Site
Site                Anl[ler Parties Per Party Per An~ler Baseline Benefits

FEATHER 5378 $16.58 $9.99 $89,200

SAC- 1A 3917 $36.90 $18.63 $144,500

SAC- 1B 6059 $11.12 $5.62 $67,400

SAC-2A 2211 $14.88 $7.55 $32,900

SAC-2B 2219 $32.07 $16.28 $71,200

SAC-2C 1300 $28.19 $14.31 $36,600

SAC-3 2004 $12.96 $7.16 $26,000

¯ o~, II ~0~ $20.261 $10.76 $467,800
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Table 5.C. King Salmon Site Benefits

Average Baseline Avg. Benefit Per Avg. Benefit Per Total Site Baseline
Site Ang!er Parties Part~ Angler Benefits

AMERICAN 19023 $16.53 $9.61 $314,500

FEATHER 28065 $15.88 $12.40 $445,700

SAC- 1A 2875 $26.61 $15.74 $76,500

SAC- 1B 8992 $21.24 $12.57 $191,000

SAC-2A 7636 $21.28 $11.63 $162,500

SAC-2B 2477 $40.93 $22.37 $101,400

SAC-3-4 22669 $15.54 $8.49 $352,300

Total II 91737I $17.92 $11.06 $1,643,900

Table 5.D. Rainbow Trout Site Benefits

Average Baseline Avg. Benefit Per Avg. Benefit Per Total Site Baseline
Site Angler Parties Part~ Angler Benefits

AMERICAN 1629 $30.86 $18.59 $50,300

FETH.-YUBA 1026 $46.63 $23.92 $47,800

SAC-3 2430 $42.28 $21.79 $102,700

SAC-4A 3043 $54.49 $25.95 $165,800

SAC-4B 4335 $46.50 $22.14 $201,600

SAC-4C 6358 $47.00 $22.38 $298,800

¯ o~ II 18821 $46.07 $22.43 $867,000
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Table 5.E. Stripped Bass Site Benefits

Average Baseline Avg. Benefit Per Avg. Benefit Per Total Site Baseline
Site An~:ler Parties Part~ . Angler Benefits

AMERICAN 4052 $8.35 $5.03 $33,800

FEATHER 6803 $16.42 $8.55 $111,700

SAC- IA 18962 $19.91 $9.86 $377,500

SAC-1B 15909 $32.44 $16.06 $516,100

SAC-1C 19516 $15.92 $7.88 $310,700

SAC-2A 6496 $18.98 $9.44 $123,300

SAC-2B 3508 $27.46 $13.66 $96,300

SAC-2C 5307 $22.43 $11.16 $119,000

SAC-3 5830 $12.16 $6.14 $70,900

Total II 86383 $20.37 $10.43 $1,759,300

Table 5.F. Steelhead Trout Site Benefits

Average Baseline Avg. Benefit Per Avg. Benefit Per Total Site Baseline
Site An$1er Parties Part~ An$1er Benefits

AMERICAN-A 4435 $23.09 $ t 5.19 $102,400

AMERICAN-B 2815 $28.66 $18.85 $80,700

FEATHER-A 3145 $29.59 $21.13 $93, 100

FEATHER-B 5560 $22.51 $16.08 $125,200

SAC-2-4 3126 $21.93 $11.79 $68,600

YUBA 1621 $28.41 $15.52 $46, 100

Total Ii 20702 $24.93 $16.38 $516,100
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Table 5.G. Sturgeon Site Benefits

Average Baseline Avg. Benefit Per Avg. Benefit Per Total Site Baseline
Site Angler P .arties Partj¢ Angler Benefits

SAC- 1A 4952 $29.56 $14.93 $146,400

SAC- 1B 8294 $36.90 $18.64 $306,000

SAC-1C 4065 $20.48 $10.34 $83,300

SAC-2A 862 $17.28 $8.27 $14,900

SAC-2B 2180 $27.69 $13.25 $60,400

SAC-3 690 $13.57 $7.03 $9,400

¯ o~ II 21043 $29.48 $14.82 .. $62,0,400

Table 5.H. No Target Species Site Benefits

Average Baseline Avg. Benefit Per Avg. Benefit Per Total Site Baseline
Site An~ler Parties Part~� Angler Benefits

AMERICAN 10277 $17.50 $8.66 $179,800

FETH.-YUBA 9718 $23.03 $13.16 . $2,23,800
SAC-1A 7165 $23.50 $10.73 . $168,400

SAC- 1B 9971 $20.57 $9.39 $205,100

SAC-2A 3056 $23.20 $10.89 $70,900

SAC-2B 2606 $39.22 $18.41 $102,200

SAC-3-4 6038 $16.98 $9.13 $102,500

Total II 48831 $21.56 $10.66 $1,0.52,.700
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Table 6. Impact of Doubling the Catch of Each Target Species

Benefit Per
Target Baseline Angler Increase in Increase in Increase in Additional
Species Parties An~ler Parties Benefits Catch Fish Caught

American
Shad 21,778 1,565 $69,300 98,930 $0.70

Catfish &
Black Bass 23,088 5,021 $101,700 49,730 $2.05

King Salmon
91,737          20,533        $368,000          41,689          $8.83

Rainbow
Trout 18,821 8,765 $403,800 49,092 $8.23

Stripped
Bass 86,383 24,368 $496,400 192,084 $2.58

Steelhead
Trout 20,702 2,396 $59,700 10,989 $5.43

Sturgeon 21,043 3,064 $90,300 15,689 $5.76

An), Species 48,831 11,121 $239,800 20,186 $11.88

TOTALS 332,383 76,833 $1,829,000L 478,389 ---
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Introduction

Scope of this Report

This report develops portions of the Draft CVPIA Impact Assessment Methodology for
Fish, Wildlife, and Recreation Economics (Jones & Stokes, 1994a) being prepared for the
Central Valley Project Improvement Act Programmatic Environmental Impact Statement
(CVPIA PEIS). In this introduction, we outline the economic issues, geographical areas, and
biological species to be addressed in this report. We will discuss the impact assessment
methodology in greater detail in later sections of this report.

For each Local Recreation Impact Area (LRIA) highlighted in Table 1, we will address
the economic issues outlined in Table 2, which have been condensed from Jo~nes & Stokes
(1994a). Dr. John Loomis is addressing the remaining LRIA’s listed in Table 1. We will restrict
our analysis to fish species that are (a) significant to the recreational sport fishery in California,
(b) estimated to be significantly affected by the CVPIA, and (c) for which relative assessment
indices have been developed by biologists working on the CVPIA PEIS. We will focus on
Chinook salmon and Coho salmon.

Our analysis will be allocated across the LRIA’s according to the Priorities established in
Table 1 of Jones & Stokes (1994b). Other tasks under the above heading are: Task 2, Estimating
Recreation-Related Spending Changes; Task 3, Estimating Direct Employment and Personal
Income Effects; and Task 4. Compare Estimated Effects with Estimates of No-Project
Conditions. After presenting our methodology with respect to the preceding items, we will
discuss the two tasks listed under the heading "Net Recreation Benefits" in Jones & Stokes
(1994): Task 1, Estimate Changes in Recreation Benefits as a Function of Environmental
Conditions; and Task 2, Construct Spreadsheets to Enable "What-If" Analyses of Recreation
Benefits as a Function of Environmental Conditions.

Overview of Ocean Recreational Fishery for California Salmon

The recreational fishery for California salmon consists of two parts, an ocean recreational
fishery composed of both charter (for hire) recreational fishing boats and private recreational
fishing boats, and an inland recreational fishery composed both of pier and shore anglers and
private sport fishing boats. This report will address the ocean recreational fishery only. The
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ocean recreational fishery for California salmon originates in both Oregon and California (PFMC
1995). In California, ocean recreational fishing vessels originate from three LRIA’sI:

1) Del Norte, Humboldt, Mendocino
2) San Francisco, Sonoma, Marin, San Mateo
3) Santa Cruz, Monterey, San Luis Obispo

In this report we present results for five ports in these LRIA’s: Crescent City in Del Norte
county; Eureka in Humboldt county; Fort Bragg in Mendocino county; the San Francisco Bay
Region, including San Francisco, Sonoma, Matin, and San Mateo counties; and Monterey in
Monterey county.

Three LRIA’s in Oregon also contribute to the ocean recreational fishing fleet seeking
California salmon:

1) Tillamook, Lincoln
2) Coos
3) Curry

In this report we present results for each of the three Oregon LRIA’s. Each LRIA
represents one or more ports within the geographic region encompassed by the LRIA.

Angler Trips

We next discuss the determinants of the number of people making ocean recreational
salmon fishing trips that originate in one of the LRIA’s considered in this study. We will call
such trips simply "angler trips." An angler trip is one person’s ocean recreational salmon fishing
trip, not one boat’s trip. Hence, "three angler trips" means that three person’s each took a fishing
trip. They may have taken the same fishing vessel, or they may have taken different fishing
vessels.

Ports

Conceptually, we will focus on estimating the total number of angler trips taken over the
course of the ocean recreational salmon fishing season from each of several "ports" along the
coast of California and Oregon. The Pacific Fisheries Management Council (PFMC), in

See Table 1 for a complete listing of Local Recreation Impact Areas in the CVPIA PEIS.
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cooperation with the Oregon Department of Fish and Wildlife (ODFW) and the California
Department of Fish and Game (CDFG), manages the salmon fishery in this region based on
"Catch Areas" (Figure 1 and Figure 2). Catch Areas correspond roughly to the ports within a
coastal region and the ocean off the coast of this region. We will conduct our analysis in terms
of"ports," where the def’mition of a port is sometimes literally a port city, sometimes a county
containing one or more ports, and sometimes a Catch Area. We let the available data determine
the definition of each port. Data is sometimes reported for a port city, sometimes for a county or
region, and sometimes for a Catch Area. In any case, the names of the "ports" used in this
analysis, along with the actual port cities represented by the "port," the county(ies) and state
within which each "port" resides, and the relevant PFMC Catch Area are listed in geographical
order from north to south in the following table:

Actual Port Cities PFMC
"Port" ’ Included in "Port" Counties Catch Area State

Tillamook Garibaldi, Pacific Tillamook Tillamook Oregon
city

Coos Florence, Winchester Coos Coos Bay Oregon
Bay, Chareston,

Bandon, Port Orford
Curry Gold Beach, Curry Brookings Oregon

Brookings
Crescent City Crescent City Del Norte Crescent City California

Eureka Eureka Humboldt Eureka California
Fort Bragg Shelter Cove, Fort Mendocino Fort Bragg California

Bragg, Noyo
San Francisco Bay Bodega Bay, Sonoma, Matin, San Francisco California

Area Sausalito, Contra Costa,
Richmond, Berkeley, Alameda, Santa

Emeryville, Clara, San
Oakland, San Mete9, San

Francisco, Half Francisco
Moon Bay

Monterey Area Santa Cruz, Moss Santa Cruz, Monterey California
Landing, Monterey, Monterey

San Luis Obispo
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Fishing Modes

Angler trips originating from each port defined above can be classified in different ways.
Angler trips can be classified by fishing mode. Mode defines the method of accessing the fish in
the ocean. The two types of mode are (1) Charter Boat, here used synonymously with Party
Boat, defined as an angler trip made on a hired recreational fishing vessel, where the angler pays
a fee to the boat owner in exchange for transportation to areas where salmon are located in the
ocean and (2) Private Boat, here used synonymously with Private Skiff, defined as an angler trip
made on a private recreational fishing vessel, where the angler does not pay a fee to the boat
owner in exchange for transportation to the fishing area.

The classification of angler trips by mode is important because the distribution of
economic benefits resulting from any increase in the salmon population resulting from the
CVPIA will depend on the distribution of angler trips across modes. Obviously, an increase in
angler trips taken on charter boats will benefit not only the anglers themselves, but also the
owners of charter boats (and the skippers and mates of charter boats, if they are not the owners).
Anglers themselves perhaps would benefit more from an increase in salmon abundance if they
were to make trips on private boats, because they would not have to pay the fee to gain a place on
a charter boat. However, maintaining a private boat is expensive, the purchase price of the boat
must be financed, taxes must be paid on the boat, fuel must be purchased for the boat, a boat slip
must be rented for the boat, or the boat must be transported to a boat ramp for each fishing trip,
and depreciation reduces the value of this investment over time. It is unclear which mode would
provide a particular angler with higher consumer surplus. In general, both characteristics of the
angler, including income, fishing experience, residence location, education, etc., and
characteristics associated with each mode, including the magnitude of the charter boat fee, the
price of a private boat, taxes, license fees, the price of fuel, etc., would determine a particular
angler’s choice of mode.

An important difference between charter boat trips and private boat trips is that the
number of charter boat trips made depends on the interaction of two economic agents, the charter
boat owner and the angler, whereas the number of private boat trips made depends on the actions
of the dual owner/angler alone. For charter boat trips, the price, or fee, charged by the owner of a
charter boat and paid by the angler represents the outcome of the economic market forces of
supply and demand. Charter boat owners determine the number of charter boat trips they would
like to supply based on the fee and other important factors, and the angler determines the number
of charter boat trips demanded based on the fee and other important factors. The fee brings
supply and demand into equilibrium. For private boat trips, the angler assumes the dual role of
owner/angler and determines the number of trips made based on the costs and expected benefits
of a private boat angler trip.
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An additional difference between the two modes might be the existence of some types of
"returns to scale" associated with charter boat trips, assuming that the average charter boat can
accommodate more anglers per trip than the average private boat. For example, the combined
charter boat fees paid by the multiple anglers that can be accommodated by a charter boat might
be sufficient to justify the purchase of advanced fish-finding equipment by the charter boat
owner. Such equipment might reduce the cost of finding and catching fish. The economic
surplus associated with such a reduction in costs would then be split in some manner between
anglers and charter boat owners. In any case, assuming that anglers choose the mode that
provides them with the higher consumer surplus, and because we observe both many charter boat
trips and many private boat trips, we can conclude that differences among anglers and across the
economic environments in which they find themselves are sufficient to make both charter boat
trips and private boat trips important modes for the Califomia/Oregon ocean recreational salmon
fishery.

Target Species

Angler trips can also be classified by target species. Target species defines the species of
fish which the anglers are seeking on a particular angler trip. The two primary target species of
fish on ocean recreational salmon fishing trips are Chinook or "King" salmon (Oncorhynchus
tshawytscha) and Coho or "Silver"salmon (Oncorhynchus kisuteh). Anglers on ocean
recreational salmon fishing trips also incidentally catch small numbers of Pink salmon
(Oncorhynchus gorbuscha), but Pink salmon are not generally considered a target species in the
geographical region considered in this study because Pink salmon are much less numerous than
Chinook and Coho salmon in this region. A particular angler trip may target either Chinook
salmon, Coho salmon, or both species. In general, because Coho salmon are naturally more
abundant in the northern portion of the study region, Coho salmon make up a relatively larger
proportion of angler catch in angler trips originating from northern ports than they do in angler
trips originating from southern ports. Chinook salmon make up a relatively larger proportion of
angler catch in angler trips originating from southern ports than they do in angler trips
originating from northern ports.

The classification of angler trips by target species is important because the vast majority
of the salmon spawning in the California Central Valley are Chinook salmon. Hence, we would
expect any changes in abundance of California Central Valley salmon resulting from the CVPIA
to affect mainly those angler trips targeting Chinook salmon or both species of salmon. We
would not expect angler trips targeting Coho salmon to be affected by changes in abundance in
California Central Valley salmon except in cases where angler substitute between angler trips
targeting Coho salmon and angler trips targeting Chinook salmon. For example, for a given level
of Coho salmon abundance, if the CVPIA caused a significant increase in the abundance of
Chinook salmon, then some angler trips that would have targeted Coho salmon might switch
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target species and target the more abundant (and presumably easier to catch given the increase in
abundance) Chinook salmon.

To summarize the preceding discussion, there are several economically- and biologically-
distinct types of ocean recreational salmon angler trips. For each port of origination, we can
think of four possible types of angler trips:

(1) Charter boat mode, Chinook target species
(2) Charter boat mode, Coho target species
(3) Private boat mode, Chinook target species
(4) Private boat mode, Coho target species

We next analyze the determinants of charter boat trips. Following the analysis of charter
boats trips, we will proceed to analyze the determinants of private boat trips.

Determinants of Charter Boat Angler Trips

In the California and Oregon port areas considered in this report, many individuals supply
ocean recreational salmon fishing charter boat services in relatively competitive markets. In such
markets, the number of angler trips originating from a given port within a given ocean
recreational salmon fishing season is determined by the interaction of the demand for charter
trips by anglers and the supply of charter trips offered by charter boat owners.

The Demand for Charter Trips

The demand for charter trips is, of course, a function of many factors. Chief among these
are the price of a charter trip (price paid by the angler) and the expected number of fish caught by
an angler on a charter trip. The price to the angler of a charter trip can include many
components, including charter boat fees, rod and reel rental, the price of bait, the price of food
and beverages consumed on the trip (in excess of the prices paid for food and beverages if the
trip were not taken), etc. An (inverse) aggregate demand curve shows the typical inverse
relationship between the price of a good or service and quantity demanded of that good or
service. Examine one of the two demand curves in Figure 3, for example "Demand with low
SAI." The demand curve shows that if the price of a charter trip is relatively high, then the
number of charter trips demanded during the ocean recreational salmon fishing season is
relatively low. Conversely, if the price of a charter trip is relatively low, then the number of
charter trips demanded during the ocean recreational salmon fishing season is relatively high. A
basic result of welfare economics is that the (income-compensated) aggregate demand curve
gives the marginal economic value of an additional charter trip. A second basic result of welfare
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economics is that the area under the aggregate demand curve from the origin out to the number of
trips taken represents the gross economic benefit resulting fi:om all charter trips taken within a
fishing season.

In this study we wish to focus on the influence of a potential increase in salmon
abundance on the demand for charter trips. If the demand for charter trips can be assumed to
depend in part on the expected number of salmon caught, and if the expected number of salmon
caught depends on salmon abundance, and if salmon abundance can be measured by some type
of Salmon Abundance Index (SAI), then the SAI should influence the demand for charter trips.
Figure 3 shows how the level of SAI can influence the relationship between the price to the
angler of an angler trip and the number of angler trips demanded. If the SAI is relatively low,
then a relatively low number of charter trips are demanded at a given price; if the SAI is
relatively high, then a relatively high number of charter trips are demanded at a given price.
Notice that with a high SAI, the marginal value of an additional charter trip is higher and the
gross economic benefit resulting from all charter trips taken within a fishing season as measured
by the area under the aggregate demand curve is also higher. This is the primary mechanism
through which higher salmon abundance would translate into additional economic benefits
through ocean recreational fishing trips.

It is important to note that the expected angler salmon catch and hence the demand for
charter trips also depends on the actions of fishery managers. For example, changes in the length
of the fishing season, changes in bag limits and changes in the minimum size limit can affect the
expected salmon catch and thereby the demand for charter trips. Summaries of recent ocean
recreational fishing regulations for California and Oregon are presented in Tables 3 and 4,
respectively. We do not attempt to measure the influence of changes in fishing regulations on
the demand for angler trips; this is not the objective of our analysis. Our results should be
interpreted as estimates of the number of angler trips taken under "average" ocean recreational
salmon fishery regulations, where average refers to the average regulations existing over the
years in our data set, 197I’-1991 for California and 1979-1994 for Oregon.2

The Supply of Charter Trips

2 Note that this interpretation may not be valid for Oregon in 1994, when a ban was instituted on recreational
fishing for Coho salmon. However, it is difficult to determine, without additional data collection efforts, in which
direction our estimates might be biased in such a situation. On the one hand, a ban on Coho catch might be
expected to reduce the expected salmon catch in the more northern ports and therefore to reduce the demand for
angler trips from these ports. This could collaterally reduce fishing pressure originating from northern port areas
on Central Valley Chinook salmon. On the other hand, some angler trips that previously targeted Coho might
switch to target Chinook, increasing fishing pressure on Central Valley Chinook salmon.
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The supply of charter trips is also a function of many factors. Chief among these are the
price received by the charter boat owner for providing an angler trip and the costs of inputs
required to outfit and operate a charter boat during an angler trip. The costs of inputs required to
outfit and operate a charter boat during an angler trip can include many components, including
mortgage payments on the fishing vessel itself, skipper and crew salaries and wages, fuel costs,
licensing fees, dock fees, depreciation on navigation and fish-finding equipment, etc. However,
from the perspective of providing a marginal angler trip, many of these cost components are
sunk, i.e., they must be paid regardless of whether a trip is actually made. For example,
mortgage payments, licensing fees, dock fees and depreciation are sunk costs. The remaining
variable costs, which must be paid only if an angler trip is made, include wages, salaries and fuel.
An (inverse) aggregate supply curve shows the typical direct relationship between the price of a
good or service and quantity supplied by producers of that good or service. Examine one of the
two supply curves in Figure 4, for example "Supply with low diesel fuel cost." The supply curve
shows that if the price of an charter trip is relatively high, then the number of charter trips
supplied during the ocean recreational salmon fishing season is relatively high. Conversely, if
the price of a charter trip is relatively low, then the number of charter trips supplied during the
ocean recreational salmon fishing season is relatively low. A basic result of welfare economics
is that the aggregate supply curve gives the marginal economic cost of an additional charter trip.
Fishing trips will be supplied by the industry at the level where the marginal cost of supplying an
additional trips equals the price received for supplying an additional trip.

At the margin, the supply curve of charter trips depends on the variable costs of
production. Figure 4 shows how the level of the price of fuel can influence the relationship
between the price received by the boat owner for supplying an angler trip and the number of
angler trips supplied. If the price of fuel is relatively low, then a relatively high number of
charter trips are supplied for a given price paid by the angler for an angler trip; if the price of fuel
is relatively high, then a relatively low number of charter trips are supplied for a given price paid
by the angler for an angler trip. In this study we use the real (inflation adjusted) price of diesel
fuel as a proxy for the various variable costs associated with supplying an angler trip. We use
fuel price as a proxy for two reasons. First, we believe that fuel price is a significant factor in
determining the number of fishing trips supplied by charter boat owners. Second, fuel price data
are readily available an obviate the need for additional data collection efforts.

The Determinants of Private Boat Angler Trips

In contrast to the case presented above for charter boat trips, where the number of trips is
determined by the interaction of charter boat owners and prospective anglers in a market for
charter boat services, in the case of private boat trips the same individual plays the dual role of
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boat owner and prospective angler. Nonetheless, this owner/angler certainly compares the costs
associated with making a private boat angler trip with the expected benefits.

The cost of a private boat trip can include many components, including payments on a
boat loan, boat fuel and boat ramp fee, the price of rod and reel, the price of bait, the price of
food and beverages consumed on the trip (in excess of the prices paid for food and beverages if
the trip is not taken), etc. If the expected benefits associated with a private boat angler trip can
be assumed to depend in part on the expected number of salmon caught, then we can think of the
dual owner/angler as comparing the cost associated with a private boat angler trip some measure
of the expected number of salmon caught If the expected number of salmon caught depends on
salmon abundance, and if salmon abundance can be measured by some type of Salmon
Abundance Index (SAI), then the SAI should influence the number of angler trips.

The arguments made above concerning the significance of the SAI and the price of fuel in
determining the number of charter boat trips apply to the determination of the number of private
trips as well. Hence, aggregating across all owner/anglers, we conceive of an aggregate demand
curve and an aggregate supply curve for private boat angler trips similar to those discussed above
for charter boat trips. Although no explicit market for private boat trips exists, the number of
private boat trips taken responds to the SAI and to the price of fuel as if a market existed. The
market is implicit in the individual decisions made by the many owner/anglers andtheir revealed
behavior regarding the number of private boat trips actually made.
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Data

In this section we describe the data used our analysis and the sources for these data.
Some data series apply to all ports. We will describe these data series first, followed by data
series that vary by port.

Price Index

The price index used in this report to convert nominal dollars into real, or constant,
dollars is the price index used by the Pacific Fisheries Management Council (1993b) in preparing
its annual Reviews of ocean salmon fisheries. The price index is based on the Gross Domestic
Product Implicit Price Deflator. We have adjusted the price index found in PFMC (1993b) such
that the value of the index is equal to 100 in our chosen base year of 1990.

Diesel Fuel Price

In our analysis we use the price of diesel fuel per gallon as a proxy for the cost of both
charter boat fuel and private boat fuel. The diesel fuel price data series is the nominal yearly,
national average price per gallon, i.e., the average across all twelve months and all fifty states.
The source for this data series is the United States Department of Agriculture’s Agricultural
Statistics, various years, Table 557 - Prices Paid by Farmers, by Commodities. These prices
were converted from nominal dollars to real (1990) dollars using the price index described above.

The following data series vary by state and by port and are organized by state, then by
port, then by species, and then by commercial fishery / recreational fishery.

California Ports

Crescent City

Chinook Salmon

Commercial Landings

Ocean commercial (troll) landing estimates for Chinook landed at Crescent City are
presented in Table 5.1 (PFMC 1995).
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Recreational Landing and Effort

Ocean recreational landing estimates for Chinook landed at Crescent City, by charter
boats and by private skiffs, are presented in Table 5.1 (PFMC 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at
Crescent City are presented in Table 5.1 (PFMC 1995). To our knowledge, this data is not
available by target species.

Coho Salmon

Commercial Landings

Ocean commercial (troll) landings estimates for Coho landed at Crescent City are
presented in Table 5.1 (CDFG 1995).

Recreational Landings and Effort

Ocean recreational landings estimates for Coho landed at Crescent City are presented in
Table 5.1 (CDFG 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at
Crescent City are presented in Table 5.1 (PFMC 1995). To our knowledge, this data is not
available by target species.

Regional Population

The population of Del Norte county (Table 5.1), CA, was selected as a measure of the
regional population using the port of Crescent City as its recreational ocean salmon fishing site.
The sources for this data are: (1) California Department of Finance (various years), (2) County
Supervisors Association of California (various years) and (3) U.S. Bureau of the Census (various
years).

Unemployment Rate

The unemployment rate for Del Norte county (Table 5.1), CA, was selected as a measure
of the regional economic conditions affecting recreational salmon fishing for the port of Crescent
City. The sources for this data are: (1) California Department of Finance (various years), (2)
County Supervisors Association of California (various years) and (3) U.S. Bureau of the Census
(various years).
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Weather Data

Monthly Total Precipitation

Monthly Total Precipitation data for the months of June, July and August for Crescent
City are presented in Table 6 (NOAA various years).

Monthly Average Temperature

Monthly average temperature data for the months of June, July and August for Crescent
City are presented in Table 7 (NOAA various years).

EUREKA

Chinook Salmon

Commercial Landings

Ocean commercial (troll) landing estimates for Chinook landed at Eureka are presented in Table
5.2 (PFMC 1995).

Recreational Landing and Effort

Ocean recreational landing estimates for Chinook landed at Eureka, by charter boats and
by private skiffs, are presented in Table 5.2 (PFMC 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at
Eureka are presented in Table 5.2 (PFMC 1995). To our knowledge, this data is not available by
target species.

Coho Salmon

Commercial Landings

Ocean commercial (troll) landings estimates for Coho landed at Eureka are presented in
Table 5.2 (CDFG 1995).

Recreational Landings and Effort

DRAFT Page 14 3/19/96

C--084279
C-084279



CVPIA - Impact Assessment Methodology Michael Hanemann and Chris Dumas

Ocean recreational landings estimates for Coho landed at Eureka are presented in Table
5.2 (CDFG 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at
Eureka are presented in Table 5.2 (PFMC 1995). To our knowledge, this data is not available by
target species.

Regional Population

The population of Humboldt county (Table 5.2), CA, was selected as a measure of the
regional population using the port of Eureka as its recreational ocean salmon fishing site. The
sources for this data are: (1) California Department of Finance (various years), (2) County
Supervisors Association of California (various years) and (3) U.S. Bureau of the Census (various
years).

Unemployment Rate

The unemployment rate for Humboldt county (Table 5.2), CA, was selected as a measure
of the regional economic conditions affecting recreational salmon fishing for the port of Eureka.
The sources for this data are: (1) California Department of Finance (various years), (2) County
Supervisors Association of California (various years) and (3) U.S. Bureau of the Census (various
years).

Weather Data

Monthly Total Precipitation

Monthly Total Precipitation data for the months of June, July and August for Eureka are
presented in Table 6 (NOAA various years).

Monthly Average Temperature

Monthly average temperature data for the months of June, July and August for Eureka are
presented in Table 7 (NOAA various years).
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FORT BRAGG

Chinook Salmon

Commercial Landings

Ocean commercial (troll) landing estimates for Chinook landed at Fort Bragg are
presented in Table 5.3 (PFMC 1995).

Recreational Landings and Effort

Ocean recreational landing estimates for Chinook landed at Fort Bragg, by charter boats
and by private skiffs, are presented in Table 5.3 (PFMC 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at Fort
Bragg are presented in Table 5.3 (PFMC 1995). To our knowledge, this data is not available by
target species.

Coho Salmon

Commercial Landings

Ocean commercial (troll) landings estimates for Coho landed at Fort Bragg are presented
in Table 5.3 (CDFG 1995).

Recreational Landings and Effort

Ocean recreational landings estimates for Coho landed at Fort Bragg are presented in
Table 5.3 (CDFG 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at Fort
Bragg are presented in Table 5.3 (PFMC 1995). To our knowledge, this data is not available by
target species.

Regional Population

The population of Mendocino county (Table 5.3), CA, was selected as a measure of the
regional population using the port of Fort Bragg as its recreational ocean salmon fishing site.
The sources for this data are: (1) California Department of Finance (various years), (2) County
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Supervisors Association of California (various years) and (3) U.S. Bureau of the Census (various
years).

Unemployment Rate

The unemployment rate for Mendocino county (Table 5.3), CA, was selected as a
measure of the regional economic conditions affecting recreational salmon fishing for the port of
Fort Bragg. The sources for this data are: (1) California Department of Finance (various years),
(2) County Supervisors Association of California (various years) and (3) U.S. Bureau of the
Census (various years).

Weather Data

Monthly Total Precipitation

Monthly Total Precipitation data for the months of June, July and August for Fort Bragg
are presented in Table 6 (NOAA various years).

Monthly Average Temperature

Monthly average temperature data for the months of June, July and August for Fort Bragg
are presented in Table 7 (NOAA various years).

SAN FRANCISCO

Chinook Salmon

Commercial Landings

Ocean commercial (troll) landing estimates for Chinook landed at San Francisco Bay
Area are presented in Table 5.4 (PFMC 1995).

Recreational Landing and Effort

Ocean recreational landing estimates for Chinook landed at San Francisco Bay Area, by
charter boats and by private skiffs, are presented in Table 5.4 (PFMC 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at San
Francisco Bay Area are presented in Table 5.4 (PFMC 1995). To our knowledge, this data is not
available by target species.
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Coho Salmon

Commercial Landings

Ocean commercial (troll) landings estimates for Coho landed at San Francisco Bay Area
are presented in Table 5.4 (CDFG 1995).

Recreational Landings and Effort

Ocean recreational landings estimates for Coho landed at San Francisco Bay Area are
presented in Table 5.4 (CDFG 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at San.
Francisco Bay Area are presented in Table 5.4 (PFMC 1995). To our knowledge, this data is not
available by target species.

Regional Population

The population of Bay Area county (Table 5.4), CA, was selected as a measure of the
regional population using the port of San Francisco Bay Area as its recreational ocean salmon
fishing site. The sources for this data are: (1) California Department of Finance (various years),
(2) County Supervisors Association of California (various years) and (3) U.S. Bureau of the
Census (various years).

Unemployment Rate

The unemployment rate for Bay Area county (Table 5.4), CA, was selected as a measure
of the regional economic conditions affecting recreational salmon fishing for the port of San
Francisco Bay Area. The sources for this data are: (1) California Department of Finance (various
years), (2) County Supervisors Association of California (various years) and (3) U.S. Bureau of
the Census (various years).

Weather Data

Monthly Total Precipitation

Monthly Total Precipitation data for the months of June, July and August for San
Francisco Bay Area are presented in Table 6 (NOAA various years).
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Monthly Average Temperature

Monthly average temperature data for the months of June, July and August for San
Francisco Bay Area are presented in Table 7 (NOAA various years).

MONTEREY

Chinook Salmon

Commercial Landings

Ocean commercial (troll) landing estimates for Chinook landed at Monterey are presented
in Table 5.5 (PFMC 1995).

Recreational Landing and Effort

Ocean recreational landing estimates for Chinook landed at Monterey, by charter boats
and by private skiffs, are presented in Table 5.5 (PFMC 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at
Monterey are presented in Table 5.5 (PFMC 1995). To our knowledge, this data is not available
by target species.

Coho Salmon

Commercial Landings

Ocean commercial (troll) landings estimates for Coho landed at Monterey are presented
in Table 5.5 (CDFG 1995).

Recreational Landings and Effort

Ocean recreational landings estimates for Coho landed at Monterey are presented in Table
5.5 (CDFG 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at
Monterey are presented in Table 5.5 (PFMC 1995). To our knowledge, this data is not available
by target species.
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Regional Population

The population of Monterey county (Table 5.5), CA, was selected as a measure of the
regional population using the port of Monterey as its recreational ocean salmon fishing site. The
sources for this data are: (1) California Department of Finance (various years), (2) County
Supervisors Association of California (various years) and (3) U.S. Bureau of the Census (various
years).

Unemployment Rate

The unemployment rate for Monterey county (Table 5.5), CA, was selected as a measure
of the regional economic conditions affecting recreational salmon fishing for the port of
Monterey. The sources for this data are: (1) California Department of Finance (various years), (2)
County Supervisors Association of California (various years) and (3) U.S, Bureau of the Census
(various years).

Weather Data

Monthly Total Precipitation

Monthly Total Precipitation data for the months of June, July and August for Monterey
are presented in Table 6 (NOAA various years).

Monthly Average Temperature

Monthly average temperature data for the months of June, July and August for Monterey
are presented in Table 7 (NOAA various years).

OREGON PORTS

Tillamook

Chinook Salmon

Commercial Landings

Ocean commercial (troll) landing estimates for Chinook landed at Tillamook are
presented in Table 5.6 (PFMC 1995).
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Recreational Landing and Effort

Ocean recreational landing estimates for Chinook landed at Tillamook, by charter boats
and by private boats combined, are presented in Table 5.6 (PFMC 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at
Tillamook, by charter boats and by private boats separately, is presented in Table 5.6 (PFMC
1995). To our knowledge, this data is not available by target species.

Coho Salmon

Commercial Landings

Ocean commercial (troll) landings estimates for Coho landed at Tillamook are presented
in Table 5.6 (CDFG 1995).

Recreational Landings and Effort

Ocean recreational landings estimates for Coho landed at Tillamook, for charter boats and
for private boats combined, are presented in Table 5.6 (CDFG 1995). To our knowledge, these
data are not available for charter boats and private boats separately.

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at
Tillamook, by charter boats and by private boats separately, is presented in Table 5.6 (PFMC
1995). To our knowledge, these data are not available by target species.

Regional Population

The population of Tillamook county (Table 5.6), OR, was selected as a measure of the
regional population using the port of Tillamook as its recreational ocean salmon fishing site. The
source for these data is the U.S. Bureau of the Census (1996).

Unemployment Rate

The unemployment rate for Tillamook county, OR, was selected as a measure of the
regional economic conditions affecting recreational salmon fishing for the port of Tillamook.
These data are available from the authors upon request (Source: Oregon Department of
Employment, 1996).
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Weather Data

Monthly Total Precipitation

Monthly Total Precipitation data for the months of June, July and August for Tillamook
are available from the authors upon request (Source: NOAA various years).

Monthly Average Temperature

Monthly average temperature data for the months of June, July and August for Tillamook
are available from the authors upon request (Source: NOAA various years).

COOS BAY

Chinook Salmon

Commercial Landings

Ocean commercial (troll) landing estimates for Chinook landed at Coos Bay are presented
in Table 5.7 (PFMC 1995).

Recreational Landing and Effort

Ocean recreational landing estimates for Chinook landed at Coos Bay, by charter boats
and by private boats combined, are presented in Table 5.7 (PFMC 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at Coos
Bay, by charter boats and by private boats separately, is presented in Table 5.7 (PFMC 1995).
To our knowledge, this data is not available by target species.

Coho Salmon

Commercial Landings

Ocean commercial (troll) landings estimates for Coho landed at Coos Bay are presented
in Table 5.7 (CDFG 1995).
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Recreational Landings and Effort

Ocean recreational landings estimates for Coho landed at Coos Bay, for charter boats and
for private boats combined, are presented in Table 5.7 (CDFG 1995). To our knowledge, these
data are not available for charter boats and private boats separately.

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at Coos
Bay, by charter boats and by private boats separately, is presented in Table 5.7 (PFMC 1995).
To our knowledge, these data are not available by target species.

Regional Population

The population, of Coos county (Table 5.7), OR, was selected as a measure of the regional
population using the port of Coos Bay as its recreational ocean salmon fishing site. The source
for these data is the U.S. Bureau of the Census (1996).

Unemployment Rate

The unemployment rate for Coos county, OR, was selected as a measure of the regional
economic conditions affecting recreational salmon fishing for the port of Coos Bay. These data
are availalsle from the authors upon request (Source: Oregon Department of Employment, 1996).

Weather Data

Monthly Total Precipitation

Monthly Total Precipitation data for the months of June, July and August for Coos Bay
are available from the authors upon request (Source: NOAA various years).

Monthly Average Temperature

Monthly average temperature data for the months of June, July and August for Coos Bay
are available from the authors upon request (Source: NOAA various years).
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BROOKINGS

Chinook Salmon

Commercial Landings

Ocean commercial (troll) landing estimates for Chinook landed at Brookings are
presented in Table 5.8 (PFMC 1995).

Recreational Landing and Effort

Ocean recreational landing estimates for Chinook landed at Brookings, by charter boats
and by private boats combined, are presented in Table 5.8 (PFMC 1995).

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at
Brookings, by charter boats and by private boats separately, is presented in Table 5.8 (PFMC
1995). To our knowledge, this data is not available by target species.

Coho Salmon

Commercial Landings

Ocean commercial (troll) landings estimates for Coho landed at Brookings are presented
in Table 5.8 (CDFG 1995).

Recreational Landings and Effort

Ocean recreational landings estimates for Coho landed at Brookings, for charter boats and
for private boats combined, are presented in Table 5.8 (CDFG 1995). To our knowledge, these
data are not available for charter boats and private boats separately.

Ocean recreational effort (in angler days) for Chinook and Coho combined landed at
Brookings, by charter boats and by private boats separately, is presented in Table 5.8 (PFMC
1995). To our knowledge, these data are not available by target species.

DRAFT Page 24 3/19/96

C--084289
(3-084289



CVPIA - Impact Assessment Methodology Michael Hanemaxm and Chris Dumas

Regional Population

The population of Curry county (Table 5.8), OR, was selected as a measure of the
regional population using the port of Brookings as its recreational ocean salmon fishing site. The
source for these data is the U.S. Bureau of the Census (1996).

Unemployment Rate

The unemployment rate for Curry county, OR, was selected as a measure of the regional
economic conditions affecting recreational salmon fishing for the port of Brookings. These data
are available from the authors upon request (Source: Oregon Department of Employment, 1996).

Weather Data

Monthly Total Precipitation

Monthly Total Precipitation data for the months of June, July and August for Brookings
are available from the authors upon request (Source: NOAA various years).

Monthly Average Temperature

Monthly average temperature data for the months of June, July and August for Brookings
are available from the authors upon request (Source: NOAA various years).

Model Estimation and Results

We estimate three models of ocean recreational angler trips for Chinook and Coho
salmon, one model for charter boat trips in California, one model for private boat trips in
California, and one model for charter boat trips and private boat trips combined for Oregon.

We assume that the annual number of ocean recreational angler fishing trips (per
thousand population residing in port area i) for Chinook and Coho salmon (combined)originating
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from port i in year t using fishing mode m, (Trips/1000Pop)i,t,m,3 can be represented by
Equation 1 below:

(1)(Trips/1000Pop)i,t,m = b0i * (SAIi,t)bl * (RLFUELi,t)b2 * e e i,t,m

where:

i indexes port (Tillamook, Coos Bay, Brookings, Crescent City, Eureka, Fort Bragg, San
Francisco, or Monterey),

t indexes year (t = 1971..1991 for California, t = 1979..1994 for Oregon),

m indexes fishing mode ( m = charter boat or private boat),

SAIi,t is the Salmon Abundance Index for port i in year t. The Salmon Abundance Index for port
i in year t is the sum of {(1) commercial (troll) landings of Chinook in port i in year t, (2)
commercial landings of Coho in port i in year t, (3) recreational charter boat landings of Chinook
in port i in year t, (4) recreational private boat landings of Chinook in port i in year t and (5)
recreational (both charter and skiff) landings of Coho in port i in year t} divided by 100,000.4

3 We estimate the number of angler trips originating from a port per 1000 individuals
residing in the port region. We recognize that anglers come from outside the local county or
regional area to take angler trips from within these LRIA’s. For example, tourists from other
parts of the U.S. and indeed other parts of the world take angler trips while vacationing in San
Francisco. Similarly, residents of southern California may visit the Mendocino coast for a
vacation and decide to make an angler trip from Fort Bragg or Eureka. However, we are not
aware of any data that would enable us to distinguish resident angler trips from tourist angler
trips. To the extent that local residents are engaged in industries that support tourism, we can
use regional population as a proxy for both angler trips made by the regional resident
population and angler trips made by tourists.

4 We chose not to include escapement in the SAI because its causal effect on angler trips appears to be
ambiguous. On the one hand, higher escapement might imply that the salmon run size is larger and that therefore
there are more salmon available to catch, which we would expect to increase the number of angler trips. On the
other hand, higher escapement might imply that fishery managers have tightened recreational fishing regulations,
which we would expect to decrease the number of angler trips. It is not difficult to imagine other factors that
might increase escapement yet not cause an increase in angler trips: for example, bad weather might allow an
increase in escapement precisely because there might be a decrease in angler (and perhaps commercial) fishing
trips.
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Hence, the SAIi,t is commercial plus recreational catch in port i in year t, measured in units of
100,000 fish.

RLFUELi,t is the real (inflation adjusted) price of diesel fuel measured in cents per gallon,

eitm is a normally-distributed random error term,

and b0i, b 1 and b2 are the model parameters to be estimated.

Note that each port has a unique constant term, b0i, to reflect unique characteristics of the
port and the local population that are relatively constant over time.

An advantage of this model specification is that model elasticity estimates are readily
observable, i.e., for each port and mode, the elasticity of annual ocean recreational fishing trips
per thousand population with respect to the SAI is equal to parameter bl, and the elasticity of
annual trips per thousand population with respect to RLFUEL is equal to parameter b2.

As discussed in the Model Specification section of this report, we hypothesize that (1) the
SAI has a positive effect (bl > 0) on the number of trips made per thousand population and that
(2) RLFUEL has a negative effect (b2 < 0) on the number of trips made per thousand
population. However, we expect that a given percentage increase in either regressor causes a less
than proportional percentage increase in trips per thousand population (i.e., we hypothesize that
bl < 1 and b2 > -1).

We estimate Equation 1 in log form as shown below (Equation 2):

(2) log((Trips/1000Pop)i,t,m) = log(b0i)+ bl*log(SAIi,t) + b2* log(RLFUELi,t) + ei,t,m.

using the SHAZAM 6.0 statistical estimation software package (White, 1995).

Breusch-Pagan (1980) tests indicated the presence of heteroskedasticity, and we
suspected significant autocorrelation in the catch data series due to the cyclical nature of the
salmon life cycle. Hence, we employed a pooled time-series cross-section estimation procedure
(Kmenta, 1986, pp.618-622) which corrects for both heteroskedasticity and autocorrelation.5

5 Pooled time-series cross-section models correct for both autocorrelation within each time series and for
heteroskedasticity across cross-sections. See Judge (1988) for a more detailed description of pooled time-series
cross-section estimation techniques. In addition, see Anderson and Wilen (1985) for an application of the
technique to the problem of estimating the population dynamics of Coho salmon.
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We specify a separate model for each state. The data set for each model for each state
consists of yearly observations for a cross section of ports. We model the states of California and
Oregon separately for two reasons. First, the appropriate data do not span the same time period
for each state. Specifically, the appropriate data available for California span the years 1971
through 1991, whereas the appropriate data available for Oregon span the years 1979 through
1994. Second, the error processes associated with the equations in the model are likely to be
much more similar across ports within states than across ports across states, owing to significant
differences across states in fishing regulations, major weather patterns, etc. Although statistical
procedures exist for correcting for unequal numbers of observations across data series and for
combining seemingly unrelated regressions, we believe that, in the present case, these issues are
of only "second order" significance relative to heteroskedasticity and autocorrelation.

For the state of California, we are able to specify separate models for each fishing mode,
i.e., charter and private. For the state of Oregon, data limitations force us to combine the data
across fishing modes in order to achieve good parameter estimates.

Results: California Ocean Recreational Charter Boat Salmon Fishing Anger Trips:

The results presented below are taken from a Pooled Time-Series Cross-Section
Regression taking each California port as a cross sectional unit and the yearly time series from
1971 to 1991, inclusive. There are five cross sections and twenty-one time periods for a total of
105 observations.

Analysis of Variance (ANOVA) about zero:

Sum of Degrees of Mean Square F-Value
Squares. Freedom Error

Regression 1309.0 6 218.17 292.108
Error 73.94 99 0.74687
Total 1382.9 105 13.171

F-Value significant at 0.001 level.
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Parameter Estimates

Parameter Estimate Stand. Error T-Ratio (99df)
b01 (Cresc.Cty.) 1305.185 .92999 7.7142
b02 (Eureka) 461.416 .90998 6.7411
b03 (Fort Bragg) 1163.979 .91908 7.6811
b04 (S.F. Bay) 313.1869 .92301 6.2262
b05 (Monterey) 461.416 .90998 6.7411
bl(All CA ports) 0.22699 .086076 2.6370
b2 (All CA ports) -0.72120 .79815 -3.6396

n= 105
BUSE6 R-SQUARE = 0.4067

The overall model is significant at the 0.001 level (as indicated by an F-test of the
hypothesis: b01= b02= b03= b04= b05= bl= b2=0), and it explains a substantial amount
(approximately 41%) of the variation in the dependent variable, annual charter boat trips per
thousand population. The estimate of the coefficient on the Salmon Abundance Index, bl, is
positive, as expected, indicating that an increase in the SAI would be expected to increase the
number of charter boat trips taken per thousand population. The estimate ofbl is less than one,
also as expected, implying that a given percentage increase in the SAI would be expected to lead
to a somewhat smaller percentage increase in the number of charter trips per thousand
population. Specifically, a 10% increase in the SAI would be expected to produce an
approximately 2.27% increase in charter trips per thousand population.

Results: California Ocean Recreational Private Boat Salmon Fishing Anger Trips:

The results presented below are taken from a Pooled Time-Series Cross-Section
Regression taking each California port as a cross sectional unit and the yearly time series from
1971 to 1991, inclusive. There are five cross sections and twenty-one time periods for a total of
105 observations.

6 See Buse (1973).
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Analysis of Variance (ANOVA) about zero:

Sum of Degrees of Mean Square F-Value
Squares Freedom Error

Regression 4514.5 6 752.41 993.728
Error 74.959 99 0.75716
Total 4589.4 105 43.709

F-Value significant at 0.001 level.

Parameter Estimates

Parameter Estimate Stand. Error T-Ratio (99dr)
b01 (Cresc.Cty.) 11220.53 0.82939 11.244
b02 (Eureka) 1544.878 0.90795 8.0871
b03 (Fort Bragg) 1252.88 0.83988 8.4931
b04 (S.F. Bay) 45.3949 0.86277 4.4223
b05 (Monterey) 1544.878 0.90795 8.0871
bl(All CA ports) 0.14812 .071308 2.0771
b2 (All CA ports) -0.47533 0.18159 -2.6176

n= 105
BUSE R-SQUARE = 0.8573

The overall model is significant at the 0.001 level (as indicated by an F-test of the
hypothesis: b01= b02- b03= b04= b05= bl= b2=0), and it explains a substantial amount
(approximately 86%) of the variation in the dependent variable, annual private boat trips per
thousand population. The estimate of the coefficient on the Salmon Abundance Index, bl, is
positive, as expected, indicating that an increase in the SAI would be expected to increase the
number of private boat trips taken per thousand population. The estimate ofbl is less than one,
also as expected, implying that a given percentage increase in the SAI would be expected to lead
to a somewhat smaller percentage increase in the number of private trips per thousand
population. Specifically, a 10% increase in the SAI would be expected to produce an
approximately 1.48% increase in private trips per thousand population. This value is
significantly smaller than the value for charter boat trips, reflecting more inelastic demand for
private boat trips vs. charter boat trips.
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Results: Oregon Ocean Recreational Salmon Fishing Anger Trips (All modes):

The results presented below are taken from a Pooled Time-Series Cross-Section
Regression taking each Oregon port as a cross sectional unit and the yearly time series from 1979
to 1994, inclusive. There are three cross sections and eighteen time periods for a total of 54
observations.

Analysis of Variance (ANOVA) about zero:

Sum of Degrees of Mean Square F-Value
Squares Freedom Error

Regression 32990 5 6598 8343.652
Error 38.748 49 0.79078
Total 33029 54 611.64

F-Value significant at 0.001 level.

Parameter Estimates

Parameter Estimate Stand. Error T-Ratio (49dr)
b01 (Tillamook) 1744.459 0.72045 10.360
b02 (Coos Bay) 1059.762 0.72409 9.6201
b03 (Brookings) 4330.334 0.71644 11.688
bl (All OR ports) 0.22836 0.045869 4.9786
b2 (All OR ports) -0.029625 0.15426 -0.19205

n= 54
BUSE R-SQUARE = 0.7285

The overall model is significant at the 0.001 level (as indicated by an F-test of the
hypothesis: b01= b02= b03= b04= b05= bl= b2=0), and it explains a substantial amount
(approximately 73%) of the variation in the dependent variable, annual trips (both charter and
private combined) per thousand population. The estimate of the coefficient on the Salmon
Abundance Index, bl, is positive, as expected, indicating that an increase in the SAI would be
expected to increase the number of trips taken per thousand population. The estimate ofbl is
less than one, also as expected, implying that a given percentage increase in the SAI would be
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expected to lead to a somewhat smaller percentage increase in the number of trips per thousand
population. Specifically, a 10% increase in the SAI would be expected to produce an
approximately 2.28% increase in trips per thousand population. This value agrees very closely
with the estimated value for California charter boat trips.

Using the Model Results: Example

Suppose one wished to estimate the increase in the annual number of ocean recreational
charter boat salmon fishing trips taken from the port of Crescent City if the Salmon Abundance
Index (as defined in this report) for Crescent City were to increase by 50% above its baseline
value due to salmon enhancement programs. For the purposes of this example, we consider the
year 1991.

Calculating Baseline Angler Trips

Suppose the SAI without the enhancement programs is 0.22167 (the actual value in
1991). Suppose the price of Diesel Fuel is 90.45 real cents per gallon (the actual value in 1991).
Then, the estimate of the baseline annual number of ocean recreational salmon charter boat
angler trips per 1000 Crescent City population is:

(Trips/1000Pop)i,t,m = b0i * (SAIi,t)bl * (RLFUELi,t)b2

= 1305.185 * (0.22167)0.22699 * (90.45)-.7212

= 35.9909 charter trips originating in Crescent City per year,
per 1000 Crescent City population (the actual value
in 1991 was 40.15)

Suppose the population of the Crescent City port area is 26 thousand (the actual value in
1991). Then the estimate of the baseline annual number of ocean recreational salmon charter
boat angler trips originating in Crescent City is:

Total Tripsi,t,m = Crescent City Population in Thousands * (Trips/1000Pop)i,t,m

= 26 * 35.9909

= 936 charter trips originating in Crescent City per year
(the actual number of trips in 1991 was 1044)
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Calculating Angler Trips For a Policy Altemative

Now suppose that implementing a particular salmon enhancement policy alternative is
estimated to increase the Salmon Abundance Index (as defined in this report) for Crescent City
to a level 50% above its baseline value, i.e., in this example, from 0.22167 to 1.5"0.22167 =
0.33251. Suppose the real price of Diesel Fuel would be the same with or without the salmon
enhancement program. Then, the estimate of the annual number of ocean recreational salmon
charter boat angler trips per 1000 Crescent City population with the salmon enhancement
policy is:

(Trips/1000Pop)i,t,m = b0i * (SAIi,t)b 1 * (RLFUELi,t)b2

= 1305.185 * (0.33251)0.22699 * (90.45)-.7212

= 39.4591 charter trips originating in Crescent City per year,
per 1000 Crescent City population

Hence, we would estimate that the salmon enhancement program described in this example
would increase the annual number of ocean recreational salmon charter boat fishing trips
originating in Crescent City per 1000 Crescent City population from 35.9909 to 39.4591.

Suppose the population of Crescent City would be approximately the same with or
without the salmon enhancement program. Then the estimate of the almual number of ocean
recreational salmon charter boat angler trips originating in Crescent City with the salmon
enhancement policy is:

Total Tripsi,t,m = Crescent City Population in Thousands,* (Trips/1000Pop)i,t,m

= 26 * 39.4591

= 1026 charter trips originating in Crescent City per year

Hence, we estimate that the salmon enhancement program described in this example
would increase the annual number of ocean recreational salmon charter boat fishing trips
originating in Crescent City from 936 to 1026.

The economic value associated with such an increase in trips is discussed later in this
report in the section titled Economic Value.
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MODEL SPECIFICATION ISSUES

Consistency With Previous Elasticity Estimates

As an initial check on our results, we compared the results with those of Andrews and
Wilen (1988). Andrews and Wilen examined the weekly, rather than annual, responsiveness of
aggregate angler effort in the San Francisco Bay Area to changes in an index of salmon stock
abundance. A summary of their results is presented below:

Port Elasticity
San Francisco 0.50
Sausalito 0.35
Emeryville 0.41
Berkeley 0,12

Note that while Andrews and Wilen use weekly data and generate short-run, or weekly,
elasticities, our analysis uses annual data and generates long-run, or seasonal, elasticities. In
contrast to the usual result, where short-run elasticities are smaller than long-run elasticities, here
we expect Andrews and Wilen’s short-run elasticity estimates to be larger than our long-run
elasticity estimates. We expect this because the short-run, weekly elasticities would pick up not
only changes in season-average effort and catch but also any reallocations of effort and catch
within a fishing season. Our results are consistent with those of Andrews and Wilen in that our
estimates fall within the range found in their study and in that our estimates lie toward the low
end of their range of estimates, as expected.

Testing for Possible "Business Cycle" Effects

In an attempt to test for possible effects of the "business cycle" on recreational fishing
trips, we also estimated equations of the form:

(3) log(Tripsi,t,m!Popi,t) = log(b0i)+ bl*log(SAIi,t) + b2* log(RLFUELi,t) + b3*long(Ui,t) +
ei,t,m.

where Ui,t is the unemployment rate in the county or region surrounding port i in year t.
However, this measure of recessionary effects on ocean recreational fishing trips .did not prove to
be significant. (Results available from the authors upon request.)
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Testing for Possible Weather Effects

Weather may be a factor influencing the number of ocean recreational salmon fishing
trips taken by anglers. We tested for the possible significance of monthly average temperature
and monthly average rainfall in determining the number of angler trips and found that these
factors were not significant. (Results available from the authors upon request.)

Omitted Variables

Of course, other variables not included in our model equations also affect the number of
ocean recreational salmon fishing trips made by anglers. For example, on the supply side,
changes in input prices other than fuel price, for example, labor and bait prices, affect the supply
of angler trips. Technological change, for example, improvements in boats and motors, would
also affect the supply of angler trips. On the demand side, the availability of alternative
recreational opportunities, the strength of family or regional fishing traditions and heritage, etc.,
might affect the number of angler trips demanded. The influences of these omitted variables will
be reflected in the parameter estimates of the variables which have been included in the model
equations, leading the some amount of bias in our parameter estimates. However, absent
additional data, we cannot include these variables separately in our model. In any event, it is
unlikely that the inclusion of such omitted variables would significantly alter our estimates of the
key model parameter, B 1, because many of the supply-side omitted variables, such as wages,
would probably be somewhat closely correlated with fuel prices, and much of the effect of
demand-side variables would be included in the geographic region-specific constant terms.

Contemporaneous Correlation

Because we achieved good estimates of the model parameters with the estimation
techniques described above, which accounts for both autocorrelation over time of the errors
within a port and heteroskedasticity across ports within modes within states, we did not explore
the possibility of contemporaneous correlation between the error terms across modes within
California, or between the error terms in the Oregon model and the error terms in either of the
California models. If such contemporaneous correlations exist, more efficient estimates of the
parameters might be obtained through the use of estimation methods such as "seemingly
unrelated regression" (Srivastava and Giles, 1987).7 However, in comparison with the potential
effects of heteroskedasticity and autocorrelation already accounted for in the model described

7 In fact, the pooled time-series cross-section technique that we employ is actually a special case of seemingly
unrelated regression (Judge, 1988).
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above, we believe that the effects of any existing contemporaneous correlation on our parameter
estimates would be negligible.

Simulation and "What-If’ Analysis

We have constructed computer spreadsheets to facilitate the simulation of policy
alternatives using the model estimates presented in the preceding section of this report. The
spreadsheets allow the policy analyst to try alternative values for model parameters and the initial
levels of key model variables. This provides a platform for conducting sensitivity analyses for
the results presented in this report.

The computer spreadsheets were constructed using the Microsoft EXCEL Version 5.0 for
Windows 3.1 computer software package. The spreadsheets are contained in four computer files.
The computer files CA_SAME.XLS and OR_SAME.XLS contain spreadsheets for conducting
policy simulations and what-if analyses for California ports and Oregon ports, respectively,
under the assumption that salmon stocks unaffected by CVPIA programs (e.g., Northern
California coastal stocks, such as Klamath River and Trinity River spawning stocks, and stocks
that spawn in Oregon streams and rivers) will remain at approximately their initial levels over the
course of the policy simulation. The computer files CA_PROP.XLS and OR_PROP.XLS
contain spreadsheets for conducting policy simulations and what-if analyses for California ports
and Oregon ports, respectively, under the assumption that salmon stocks unaffected by CVPIA
programs will recover in proportion to the recovery of Central Valley salmon stocks.

Within each computer file, there is a separate spreadsheet page for each port. These
spreadsheet pages can be conveniently accessed by clicking on the sheet index tabs at the bottom
of the spreadsheet window. The index tabs are labeled by port of landing. Changes made to one
sheet within a computer file will not affect the other sheets within the computer file.

On each spreadsheet page there are items written in black and items written in red color.
The items written in black should not be altered by the user. The items written in red color can
be altered by the user to conduct various policy simulations, what-if analyses and sensitivity
analyses.

Each spreadsheet is laid out from left to right in a series of three tables and one graph. (In
addition, each California spreadsheet contains two of these series of tables and graphs, one for
charter boat trips at the top of each spreadsheet, and one for private boat trips just beneath.) The
left-most table in each series contains parameter values for the simulation model. For example,
the table of parameter values for charter boat angler trips for the port of Crescent City is
reproduced below:
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Model Input Parameters

Default Estimates "What If’
Parameter (Hanemann and Dumas) Values

B01 0.53532 0.53532
B1 0.37735 0.37735
B2 0.27523 0.27523

The default settings on each spreadsheet page correspond to the Hanemann and Dumas
results presented in this report and to fishery conditions as they existed in 1991.

The next table to the right in each series contains numbers for the initial values of key
model variables. For example, the table of initial values for the port of Crescent City is
reproduced below:

Model Input Variables
Default "What If’

Variable Values Values

SAI init. yr. .22167 .22167
SAI target level .44334 .44334
Years to reach target 20 20
Diesel Fuel Price (real 90.4264 90.4264
cents/gallon)

Again, the default settings on each spreadsheet page correspond to the Hanemann and Dumas
results presented in this report and to fishery conditions as they existed in 1991.

The next table to the right in each series contains the values for a 50-yr simulation of the number
of angler trips per 1000 population for the port of landing, fishing mode and assumption
regarding non-CVP salmon stocks represented by the spreadsheet. For example, the table
containing the simulation values for the port of Crescent City is reproduced below:
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Simulation

Year SAI Tr~s/1000 Pop Year SAI Trips/1000 Pop
1 0.2217 36.0 26 0.4433 42.1
2 0.2279 36.2 27 0.4433 42.1
3 0.2351 36.5 28 0.4433 42.1
4 0.2447 36.8 29 0.4433 42.1
5 0.2563 37.2 30 0.4433 42.1
6 0.2696 37.6 31 0.4433 42.1
7 0.2841 38.1 32 0.4433 42.1
8 0.2997 38.5 33 0.4433 42.1
9 0.3159 39.0 34 0.4433 42.1
10 0.3325 39.5 35 0.4433 42.1
11 0.3491 39.9 36 0.4433 42.1
12 0.3653 40.3 37 0.4433 42.1
13 0.3809 40.7 38 0.4433 42.1
14 0.3955 41.1 39 0.4433 42.1
15 0.4087 41.4 40 0.4433 42.1
16 0.4203 41.6 41 0.4433 42.1
17 0.4299 41.8 42 0.4433 42.1
18 0.4371 42.0 43 0.4433 42.1
19 0.4417 42.1 44 0.4433 42.1
20 0.4433 42.1 45 0.4433 42.1
21 0.4433 42.1 46 0.4433 42.1
22 0.4433 42.1 47 0.4433 42.1
23 0.4433 42.1 48 0.4433 42.1
24 0.4433 42.1 49 0.4433 42.1
25 0.4433 42.1 50 0.4433 42.1

IMPORTANT SIMULATION ASSUMPTIONS:The 50-yr simulation assumes that
policy variables other than recreational fishing will be managed to ensure that the SAI
target specified in the table of model variables will be reached exactly on the specified
target year. Furthermore, it is assumed that in order to show progress toward the policy
goal, one-half of the distance from the initial SAI level to the target SAI level must be
achieved by the time one-half of the time between the initial year and the target year has
elapsed. Finally, for the purposes of simulation, it is assumed that the outcome time-path

SAI resulting from the combination of natural processes and management actions can
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be approximated by a cubic function of time, as illustrated in Figure 5. This time-path of
SAI determines the time-path of Trips/Pop in the table of simulation results.

Finally, a graph of the simulation results is presented to the right of the three tables on
each sheet, as illustrated for the port of Crescent City, for charter boat fishing, under the
assumption that non-CVP salmon stocks will recover in proportion to the recovery of CVP
salmon stocks in Figure 6.

Any of the values highlighted in red on any of the sheets can be changed. Any changes
made will be immediately reflected in changes in the values in the table of simulation results and
in the associated graph. Again, changes made on any one sheet affect only the simulations on
that sheet.
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Economic Value

In the preceding sections of this report, we specified and estimated models of ocean
recreational salmon fishing trips as functions of environmental conditions (i.e., as functions of
the SAI). In this section we discuss the economic value associated with such trips. Several
distinct types of economic benefits may accrue from environmental improvements made by the
CVPIA. Following standard economic practice, these benefits may be classified into two types:
use benefits and non-use benefits. Use benefits are associated with the direct commercial or
recreational use of resources, and they may be either consumptive, for example, hunting and
commercial and recreational fishing, or non-consumptive, for example, boating/water-skiing and
wildlife viewing. Non-use benefits involve no direct interaction between individuals and the
natural environment. Non-use benefits commonly considered in the economics literature include
"existence value," "bequest value," and "option value." Existence value refers to the value
individuals place on knowing that natural resources exist and remain healthy. Bequest value
arises from the desire of individuals to ensure that natural resources will be available for future
generations to use and enjoy. Option value arises from the desires of individuals to preserve the
option of using natural resources at a later date, when economic or environmental conditions may
be more favorable. In addition, implementation of the CVPIA may also result in "de-listing
benefits". Species listed as "threatened" or "endangered" under Federal or California law often
impose costly restrictions on the management flexibility of Central Valley water managers. If
implementation of the CVPIA would result in the "de-listing" of currently listed species, or
prevent the listing of additional species, management flexibility would be restored or maintained.
The avoided loss of management flexibility is the de-listing benefit. While difficult to quantify,
the scale of efforts undertaken by federal agencies, state and local governments, and private firms
to avoid the severe sanctions of the Endangered Species Act attest to the significance of de-
listing benefits.

In this analysis we focus on the use value associated with the ocean recreational salmon
fishery because use value is most readily (although not easily) quantified with the available data.
Almost certainly, there exist other types of benefits that would increase with an increase in the
salmon population, including existence and bequest values. However, we do not believe that
adequate data exist at this time to reliably quantify such values. For the purpose of measuring
net economic impacts, recreational use value consists of personal income (wages plus economic
profits) plus consumer surplus. It is important to outline the relationship between willingness to
pay, expenditure, and consumer surplus. Willingness to pay is the maximum amount of money
a person would be willing to pay for a good or service. Expenditttre is the amount of money a
person would need to pay in the market for the good or service. Consumer surplus is the
difference between willingness to pay and expenditure, it measures the additional value, beyond
expenditure, a person would derived from consuming the good or service. It is the consumer
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surplus¾and not the expenditure¾which measures the net economic value of a fishing trip, or a
fish caught, to an angler. We will review the available data on both angler expenditure and
angler consumer surplus.

The method we use to estimate changes in consumer surplus consists of two parts. First,
weestimate changes in the level of the recreational activity which generates the benefits. We
have accomplished this by estimating changes in the number of angler trips for each fishing
mode. Second, we estimate the economic benefit associated with an angler trip. Unfortunately,
the personal income component of expenditure is not separately identified in the data that are
currently available for recreational salmon fishing in the regions in question, so we cannot
directly estimate the economic benefit associated with an angler day of salmon fishing. We will
base our estimate of the economic benefit associated with an angler day of salmon fishing on
existing estimates of the consumer surplus associated with an angler day of salmon fishing.

The available expenditure data for a range of recreation activities are summarized in
Table 8. After adjusting the figures in Table 8 for inflation, these expenditures range from an
average of around $10/trip for beach use to around $90/trip and more for charter boat fishing and
hunting.

Carter and Radtke (1986) compare the relative coastal community value in Oregon of
commercially caught salmon to that of recreationally caught salmon. Tables 9 and 10 present
Carter and Radtke’s estimates of ocean charter boat costs per fishing day and angler expenditures
per fishing day. Assuming California’s recreational fishery is similar, we see that fixed costs for
moorage, insurance, booking commission, license, fees, and taxes account for approximately
24% of total costs. This does not include the capital expenditure, interest, and depreciation
components of fixed costs, which, unfortunately, are not given. Twenty-one percent of gross
revenues remain to cover these missing elements of fixed costs. Crew wages and skipper salary
comprise 36% of total costs. From Table 9, we see that fuel costs comprise 9% of the total costs
associated with charter boat operation. This figure would represent an even higher percentage of
the variable costs associated with charter boat operation. From Table 10, we see that fuel
~"Gas") is the largest component of the cost of a private boat angler trip. These data support the
inclusion of fuel cost as an important explanatory variable in our models of angler trips.

From Table 10 we see that daily angler expenditures depend on whether the angler
provides his own boat or takes a charter boat trip. An angler taking a charter boat trip spends
about 30% more per day. The entire difference in expenditure is estimated to go to the charter
boat operator.

Expenditure on goods complementary to angler trips is significant; 16-24% of total angler
expenditure is made in restaurants, and 15-20% is made for lodging. While these expenditures
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would probably increase in the LRIA regions if additional recreational fishing trips were made,
there would probably be little net increase in such expenditures at the state level, because fewer
expenditures would be made on alternative recreational activities elsewhere in the state.
However, local or regional shifts in expenditure might be significant. Another potential source
of such geographic shifts in expenditure is the regulatory allocation of the catch between the
inland recreational fishery and the ocean recreational fisheries. With inland sport fishermen
taking up to 50% of the immigrating salmon in some river reaches, ocean fishermen might
complain that too few fish survive to spawn. Inland fishermen might reply that ocean fishermen
get more than their fair share of the sustainable catch. Shifts in the allocation of the catch
between these two user groups would be another source of local or regional shifts in expenditure
by fishermen on complementary goods like food and lodging.

With regard to estimates of the consumer’s surplus associated with recreational fishing
trips, these can be estimated using either the travel cost method or the contingent valuation
method,s Both methods require the collection of special data and for the most part,
tmfortunately, such data have not been collected in California. Perhaps the main exceptions are
special surveys conducted by the National Marine Fisheries Service (NMFS) in Northern
California in 1985 and 1986 aimed at collecting additional economic information. The NMFS
survey focused specifically on anglers fishing for striped bass and salmon; the data were
analyzed by Thompson and Huppert (1987) and Huppert (1989). Using the travel cost method,
they estimated that the consumer’s surplus per angler fishing trip for salmon was approximately
$61/trip. This figure is highly consistent with other estimates based on similar data for other
years in California and elsewhere along the Pacific coast. These estimates generally fall in the
range of $60-90 per trip. Hence, we believe that a "conservative" estimate of an individual’s
consumer surplus for ocean recreational salmon fishing is $6 l/trip.

The value of $61/trip could be used for policy analysis in conjunction with the simulation
spreadsheets in the following way. First, a baseline policy should be defined and simulated. A
baseline policy consists of a choice of which assumption to make regarding non-Central Valley    ~.
salmon stocks and specification of model parameters and variables for each port. The results of
the baseline simulation in terms of Trips/1000 Pop. for the chosen computer file and the
specified model parameters and variables for each port can then be recorded as, for example:

s For discussions of the travel cost method see, for example, Fletcher, et al. (1989),
McCormell (1985), and Smith (1989). For discussions of the contingent valuation method see,
for example, Mitchell and Carson (1989), and Burness et al. (1991).
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(Trips/1000 Pop) base, i, t, m

where "base" indicates baseline policy simulation,
i indicates port,
t indicates year,
m indicates fishing mode.

Next, an alternative policy should be defined and simulated. An alternative policy consists of
keeping the same computer file but specifying alternative values for at least one model parameter
or variable for at least one port, while keeping the same assumption regarding non-Central
Valley salmon stocks. The results of the alternative simulation could then be recorded as, for
example:

(Trips/1000 Pop) alt, i, t, m

where "alt" indicates alternative policy simulation,
i indicates port,
t indicates year,
m indicates fishing mode.

The present value of the difference in consumers’ surplus between the baseline policy and the
alternative policy could then be calculated as:

PV(Difference in CS) =

where i indexes port,
t indexes year,
m indexes mode,
T is the time horizon for the analysis (assumed to be 50 years in the spreadsheets)
r is an appropriate discount rate,
"1000Popi,t" is the population in region I in year t.

PV(Difference in CS) is a measure of the net recreational ocean fishing benefits of the alternative
policy, as compared with the baseline policy.
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Table 1

Local Recreation Impact Areas Addressed by Hanemarm and Dumas

Local Recreation Impact Area (LRIA) Recreation Feature

Del Norte, Humboldt, Mendocino California coastal recreational fishing
and Trinity River

San Francisco, Sonoma, Marin, San MateoCalifornia coastal recreational fishing

Sana Cruz Monterey, San Luis Obispo California coastal recreational fishing

Merced, Santa Clara San Luis Reservoir, Merced River, San
Joaquin River, and wildlife refuges

Fresno, Madera, Kern, King Millerton Lake, San Joaquin River, and
wildlife refuges

Tuolumne, Calaveras, San Joaquin, New Melones Reservoir, Lake McClure;
Stanislaus Tuolumne, San Joaquin, and Stanislaus Rivers

Tillamook, Lincoln Oregon coastal recreational fishing

Coos Oregon coastal recreational fishing

Curry Oregon coastal recreational fishing
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Table 2.
Economic Issues Addressed in This Memo

RECREATION ECONOMICS RECR.-RELATED SPENDING AND DIRECT ECON. IMPACTS

Task 1: Establish Local Recreational Impact Areas.

Task 2: Estimate Recreation-Related Spending Changes.

Task 3: Estimate Direct Employment and Pers. Income Effects.

Task 4: Compare Estimated Effects with Estimates of No-Project Conditions.

NET RECREATION BENEFITS

Task 1: For Priority I and 2 Recreation Sites ONLY, Estimate Predicted
Changes in Recreation Benefits as a Function of Environmental Conditions.

Task 2: Construct Spreadsheets to Enable "What-If’ Analyses of
Recreation Benefits as a Function of Environmental Conditions.
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Table 3.
Source: PFMC (1995).

Summary of actual California recreational ocean salmon regulations. (Page 1 of. 2)

Minimum
Size
Limit

(inches)
Bag

Year Area Season Limit All Salmon

1977 North of Tomales It. All Year 3 22a/

South of Tomales It. Feb. 12-Nov. 13 3 22a/

1978 North of Tomales Pt. All Year 3 22a/

South of Tomales Pt, Feb, 18-Nov, ,12 3 22a/

1979 ,Statewide Feb, 17--Oct, 14 2 22a/

1980 Statewide Feb, 17--Oct, 13 2 22a/

1981 Statewide Feb, 14-Nov, 15 2 22a/

1982 Statewide Feb, 13-Nov, 14 2 22a/

1983 Statewide Feb, 12-Nov, 13 2 22a/

1984b/ North of Cape Vizcainoe/ Feb, 18-June 15 2 20
July 1-Nov, 18 2 20

South of Cape Vizcaino Feb, 18-Nov, 18 2 20
1985b/ Statewided/ Feb, 16-Nov, 17 2 20
1986b/ North of Pt, Delgadae/ Feb, 16-Mar. 28 2 20

May 24-Sept, 7 2e/f’/ 20
South of Pt, Delgada Feb, 15-Nov, 16 2 20

1987g/ North of Pt, Delgadae/ May 23-Sept, 13 2f! 20
South of Pt, Delgada Feb, 14-Nov, 15 2 20

1988g/ North of Horse Mt,e/ May 28-Sel~t~ 11 2f/ 20
Sept, 12-30’~ 2f/ 20

South of Horse Mt, Feb, 13-Nov, I3 2 20

1989g/ North of Horse Mr,e/ May l-Sept, 30 2f/ 20
South of Horse Mt, Feb, 18-Nov, 12 2 20

1990g/ North of Horse..Mt, May 1-Sept, 9 2fft/ 20
Sept, 10-Oct, 31~h/ 2 20

South of Horse Mt.j/ Feb, 17-Nov, 18 2 20
1991g/ North of Horse Mr,e/ May 25-July 28k/ 2f/m/ 20

Aug, 31-Sept. 301/ 2f/m/ 20
Oct, 1-31h/ 2f/ 20

Horse Mt, to Pt, Arena Feb, 16-Nov, 17 2 20
South of Pt, Arenan/ Mar, 2-Nov, 3 2 20
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Table3. (con’t) Source: PFHC (1995).

Summary o£ actual California recreational.ocean ~dmon regulations. ,(Page 2 of 2)

Size
Limit

(inches)
Bag

Year Area Season I2mit All Salmon

1992g/ North of Horse Mt. July 6-8, July 13-15, July
20 and Sept. 1-7 1 20

Horse Mt. to It. Arena Feb. 15-May 31,
June 30--Jdy 16 and
Sept 1-Nov. 15 2 20

It. Arena to It. San Pe&oe/ F~b. 29-Ma.y 31 2 20
June 1-29"oP/ 2 20
lune 30-Nov. 1 2 20

South of It. San Pedro Feb. 29-Nov. 1 2 20

199"38/ North of Horse MLc/ May l-lune 19q/ I 20
July 14-Aug. 28q/ 1 20

Horse Mr. to It. Arena Feb. 13-Nov. 14 2 20

South of Pt. Aranad Feb. 27.-Oc¢. 31 2s/ 20

1994g/ North of Horse Mt.cN May 1-June 7,
Aug. 27-31 and
Sept. 1-5 2 20

Ilorse Mt. to Pt. Arenau/ Feb. 12-June 30 and 2 20
Aug. 1-Nov. 13

South of It. Arenau/v/ Feb. 26-Oct. 30 2 20

a/ Except that 1 salmon per day could be less than 22 inches, trot not less than 20 inches.
b/ Only single-point barbless hooks.
c/ The 12-raile square off the Klamath River mouth closed during the mo~ath of Aug.
d/ Closed to salmon fishing north of It. Delgada on Mondays and Tuesdays, July 19-Aug. 31 by action of the CaKfomia Fish

and Game Commission; 12-mt’le square dosed off Klamath River mouth Aug. 1-31.
e/ Itior to June 23, not more than I coho and 1 chinook.
f/ Not more than 6 salmon in any 7 consecutive days.
g/ Only single-point barbless hooks north of It. Conception.
h/ Open only from Trinidad Head to Punta Gorda inside 6 miles.
i/ Only 1 could be a chinook, June 30-Aug. 15.
j/ A control zone neat the mouth of San Francisco Bay dosed Mar. 1-Apr. 30 and Nov. 1-18.
k/ Closed Tuesdays and Wednesdays each week.
I/ Closed Monday through Thursday each week except open Monday, Sept. 2.
m/ Only 1 could be a chinook.
n/ A control zone near the mouth of San Francisco Bay closed Mar. 2-31.
o/ A control zone (at the mouth of San Francisco Bay) closed Feb. 29-Apr.3.
p/ Open inside conservation zone near the mouth of San Francisco Bay.
q/ Open Wednesday through Saturday only.
¯ r/ Control zone at the mouth of San Francisco Bay dosed Feb. 27-Apr. 2.
s/ Sept. I through end of season only 1 fish of the 2-fish bag ILmit could be 26 inches or longer.
t/ All salmon except coho.
u/ All salmon through Apr. 30, then all’salmon except coho.
v/ Control zone at mouth of San Francisco Bay closed from opening of season tkrough Mar. 31.
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Source: PFMC (1995).
Table 4.

Summary of actual Oregon recreational ocean salmon seasons, size limits and bag limits in
state and federal (EEZ) watch’s. (Page 1 of 4)

Minimum Siz~
Limit (inches)

Bag
Year Area                    Season~/ Days Limit Chinook Coho

1980 North of Cap~ Falcon May 10-July 15 67 3 24 16
July I6-S~pt. 1 48 2 24 16
Sept. 2-1415/ 13 2c/ 24 -

Sou~h of Cap~ Falcon May 10-July 15 67 3 22 16
July 16 ,-~S¢~t. 1 48 2. 22 16
Sept. 2-14 1 13 2 22 16
Sept. 15-Oct. 31 60 2d/ 22 -

Cape Blanco to Humbug Mr. Nov. 1-30b/" 30 2e/ 22 -
Goat Island to OR/CA Border Nov. 1-30b/ 30 "2c/ 22 -

1981 North of Cape Falcon May 23-Aug. 26 108 2 24 16
Aug..27-S¢pt. 7b/ 12 2 24 16

South of Cap~ Falcon May 15-Aug. 13 115 2 22 16
Aug. 14-26 13 3 22 16
Aug, 27-Sept. 20b/ 25 3 22 16

South of Cape BIanco Sept, 21-Oct. 31 41 2c/ 22 -
Cape Blanco to Humbug Mr. Nov. 1-30b/ 30 2c/ 22 -
Goat Island to OR/CA Border Nov. 1-30b/ 30 2c/ 22 -

1982 I.~adb~tter Pt. to Cal~ Falcon June 12-1uly 24 43 2 24 16
South J’¢tty of Columbia River

to Cape Falcon luly 25-Aug. Ib/ 8 2e/ 24 16
Cape Falcon to Cap~ Blanco May 29-1uly 21 54 2f/ None None

3uly 22-Aug. Ibl 11 2f/ None None
Aug. 2-Oct. 31 91 2c/f/ None -

Cape Blanco Io Humbug M[. Nov. 1-30b/ 30 2c/f/ None -
Goat Island to OR/CA Border Nov. 1-30b/ 30 2c/f/ None -

1983 Klipsan Beach to Cape Falcon June 18-July 29g/h/ 42 2 24 16
July 30-Aug. 15 17 2 24 16

South Jetty of Columbia River
to Cape Falcon Aug. 16-Sept. 11lffff 44 2 24 16

Cape Falcon to Cal~ Blanco June 18-Sept. 18 93 2f/ None None
Twin Rocks to Pyramid Rock Sept. 19-Oct. 31b/ 43 2c/ 24 -
South of Cap~ BIanco May 28-Sept. 18 114 2c/ None None

S~pt. 19-Oct. 31 43 2c/f/ None None
Cape Blanco to Humbug Mr. Nov. 1-30b/ 30 2c/f/ None -

1984 South .retry of Columbia River
to Cap~ Falcon July 28-Aug. 8k/’~/ 12 2k: None 16

Cap~ Falcon to Cape Blanco July 9-Aug. 7 30 2 20 20
Aug. 25-Se~. 3b/ I0 1 20 20

Manhattan Beach to Pyramid RockSept. 15-21~’ 7 2c/ 20 -
South of Cal~ B|anco July 9-Aug. 7 30 2 20 20

Aug. 8-24 17 2c/ 20 -
Aug. 25-Sept. 3b/I/ 1.0 2e/ 20 20
Sept. 4-Oct. 31 58 2c/ 20 -

Cape Blanco to Humbug Mr. Nov. 1-30b/ 30 2c/ 20 -
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CVPIA - Impact Assessment Methodology Michael Hanemann and Chris Dumas

Table 4. (eon’t) Source: PFI~C (1995).

Summary of actual Oregon recreational ocean salmon seasons, size limits and bag limits in
state and fe.deral (EEZ) waters. (Page 2 of 4)

Minimum Size
Limit (inches)Bag

Year               Area Sea.song Days r.~m~t Chinook Coho

1985 Leadbetter Pt. to Cape Falcon June 30-Aug. 22h?j/m/ 40 2 24 16
Cape Falcon to Cape Blanco July 1--Sept. 2 64 2f/n/ None None
Twin Rocks to Pyramid Rock Sept. 15-Oct. 31b/ 47 2c/n/ None -
South Of Cape Blanco May 25-31 7 2f/n/ None None

July 1-Sept. 2 64 2f/n/ None None
Sept. 3--Oct. 31 59 2elf/n/ None -

Tower Rock to Humbug Mt. Oct. I-Nov. 30b/ 61 2c/n/ None -

1986 South Jetty of Columbia River to
Cape Falcon June 29-Aug. 19i/m/ 37 2 24 16

Cape Falcon to Cape Blanco May 24-26 3 2f/n/ None None
June 28-July 26 29 2f/n/ None None
July 27-Aug. 13°/ 9 2f/p/ None None

Twin Rocks to Pyramid Rock Sept. 15-Nov. 15b/ 62 2e/n/ None -
South of Cape Blanco May 24-June 22 30 2q/n/ 20 20

June 23-Sept. 7. 77 2n/ 20 20
Cape Blanco to Humbug Mt. Oct. 1-Nov. 26b/ 57 2e/n/ 20 -
Bird Island to OR/CA Border

East of 124"20’W Oct. 1-31b/ 31 2e/n/ 20 -
1987 North of Cape Falcon June 29-Aug. 19k/i/m/r/ 39 2 24 16

Cape Falcon to Cape Blanco June 13-Sept. 13 93 2f/N None None
Twin Rocks to Pyramid Rock Sept. 15-Oct. 31b/ 46 2f/n/ None -
South of Cape Blanco May 23-Sept. 13 114 2n/ 20 20
Cape Blanco to Humbug Mt. Oct. 1-Nov. 30b/ 61 2c/n/ 20 -
Bird Island to OR/CA. Border

East of 124"20’W Oct. 1-31b/ 31 2c/n/ 20 -
1988 Klipsar~ Beach to Cape Falcon July 11-24h/m/s/ 10 2t/ 24 16

Cape Falcon to
Orford Reef Red Buoy May 1-27b/u/ 27 2n/ 20 16

May 28-Sept. 11 107 2n/ 20 16
Twin Rocks to Pyramid Rock Sept. 12-Oct. 31b/ 50 2c/n/ None -
South of Orford Reef Red Buoy May 28-July 9 43 2n/ 20 20

July 10-Sept. 11         64     in/         20      20
Orford Reef Red Buoy to

Humbug Mt. Oct. 1-31b/ 31 2e/n/ None -
Cape Blanco to Humbug Mt. Nov. 1-30b/ 30 2e/n/ None -

1989 North of Cape Falcon May 28-June 12h/v/ 10 2e/ 24 -
Leadbetter Pt. to Cape Falcon June 26-Aug. 17b’/m/ 39 2 24 16
Cape Falcon to

Orford Reef Red Buoy May 1-26u/ 26 2~ 20 16
May 27-July 27 62 2n/ 20 16
July 28-Aug. 20m/ 16 2n/ 20 16
Sept. 2-4 3 2n/ 20 16

Twin Rocks to Pyramid Rock Sept. 16-Oct. 3113/ 46 2e/n/ 24 -
South of Orford Reef Red Buoy May, I-Sept. 30 153 2n/ 20 20
Cape Blanco to Humbug Mt. Oct. l-Nov. 30b/ 61 2c/n/ 20 -
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CVPIA - Lmpact Assessment Methodology Michael Hanemann and Chris Dumas

Table 4. (con’t)                Source: PFHC (1995).
Summary of actual Oregon recreational ocean salmon seasons, size limits and bag limits in

state and federal (F_.EZ) waters. (Page 3 of 4)
Minimum Size
Limit (inches)Bag

Year               Area Seasona/ Days Limit Chinook Coho

1990 Leadbetter Pt. to Cape Falcon June 22-Aug. 30h/m/ 50 2 24 16
Cape Falcon to Humbug Mt. May1-27u/- 27 2n/ 20 16

May 28-1tree 22;
June 30-July 31;
Aug. 8-Sept. 16 98 2n/ 20 16

Twin Rocks to Pyramid Rock Sept. 17-Oct. 31b/ 45 2c/a/ None -
South of Humbug Mt. May 1-SepL 9 132 2w/n/ 20 20

1991 North of Cape Falcon 1une 22-Aug. 12h/m/ 36 2 24 16
Sept. 15-18; Sept. 26x/ 5 2 24 16

Cape Falcon to Humbug Mt. May 1-26u/ 26 2a/ 20 16
May 27-July 28 62 2n/ 20 16

Twin Rocks to Pyramid Rock Sept. 16-Oct. 31b/ 47 2c/a/ None -
South of Humbug Mr. May 2,5-July 28Y/ 47 2t/n/ 20 20

Aug. 31-S~.~t. 2 3 2t/n/ 20 20
Sept. 6-29~ 12 2t/a/ 20 20

1992 North of Cape Falcon ltme 29-,:!~ulmty 30b/h/m/ 22 2an/ 24 16
Aug. 2-6N 5 2an/ 24 16
Sept. 14-17; Sept. 27h/ 5 2an/ 24 16

Cape Falcon to Heceta Head May 3-June 11fin/u/ 30 2aa/bb/ 20 16
June I4-Sept. 10m/ 65 2aatob/ 20 I6

Twin Rocks to Pyramid Rock Sept. 16-Oct. 31b/ 46 2c¢n/bb/ None -
Heceta Head to Humbug Mr. May 3-June 11m/u/ 30 2aa/bb/ 20 16

June 14-July 2m/ 15 2aa/bb/ 20 16
July S-Aug. 31m/cc/ 42 2ant°hI - 16
Sept. 1-Se~t,. 10m/ 8 2aa/bb/ ,20 16

Cape Blanco to Humbug Mr. Oct. 24-26~" 3 Ic/aa/bb/ 20 -
South of Humbug Mr. July 6-20dd/ 7 1 20 20

Sept. 1-7 7 I 20 20
Goat Island to Red Pt. Oct. 15-26b/ 12 1c/an/ 20 -

1993 North of Cape Falcon July 5-Sept. 9h/m/ 49 2an/ 24 16
Sept. 12-23h/ 12 2an/ 24 16

Cape Falcon to Humbug Mr. May I-June 6m/u/ 37 2p/ff/ 20 16
1uIy 13-Aug. I0ee’/ I3 2p/ff/ 20 I6

Twin Rocks to Pyramid Rock Sept. 16-Oct. 31b/ 46 2c/n/tf/ None -
Cape Blanco to Humbug Mt. Oct. 1 - Ndv. 30b/ 61 Ic/aa/ff/ 20 -
South of Humbug Mr. May 5-June 19gg/ 28 1an/ 20 20

July 14-Aug. 28gg/ 28 1aa/ 20 20
Sept. 1-6 6 1an/ 20 20

1994 North of Cape Falcon -
- ~c/p/ff/ - -Cape Falcon to Humbug Mr: May 1-June 5u/ 36 20 -

Twin Rocks to Pyramid Rock June 6-19 and 60 2c/p/ff! 20 -
Oct. 1-Nov. 15b/

Cape Blanco to Humbug Mr. Oct. 1-Nov. 7b/ 38 1c/an/ 20 -
South of Humbug Mr. May 1-June 7, Aug. 27-48 2c/ 20 -

31 and Sept. 1-5
Goat Island to Red Pt. Oct. 10-20b/ 11 1c/an/ 20 -
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CVPIA - Impact Assessment Methodology Michael Han_emann and Chris Dumas

Table 4. (con’t)
Source: PFMC (1995).

Summary of actual Oregon recreational ocean salmon seasons, size limits and bag limits in. state
and federal (EEZ) waters. (Page 4 of 4)

a/ Dates are inclusive.
b/ Open in state waters only.
c/ Open fo~i all-salmon-except--coho.
d/ Open for chinook only.
e/ Only 1 coho allowed in bag li~it.
f/ Must retain the first 2 salmon caught.
g/ Open inside of 6 miles from Cape Falcon north to 46"06’00" and inside of 3.miles from 46"06’00" to thesouth

jetty Of the Columbia River.
h/ Mouth of the Columbia River is closed.
i/ Open inside of 10 miles from Cape Falcon north to the Lightship Buoy then on a llne to the south jetty of the

Columbia River.
j/ Closed inside 3 miles from Leadbetter Pt. to Klipsan Beach and 0 to 200 miles from Klipsan Beach to Red Buoy

Line.
k/ Open for all-salmon--except-chinook.
1/ Federal waters (3 to 200 miles) open for all-salmon-exeept-coho:
m/ Open Sunday through Thursday only.
n/ No more than 6 fish in 7 consexutive days.
o/ Open Tuesday through Saturday only.
p/ No more than 2 fish in 7 consecutive days.
q/ Only I coho and 2 chinook allowed in bag limit.
r/ Closed inside of 3 miles between Cape Falcon and Columbia River (Red Buoy Line).
s/ Open inside of 3 miles from Cape Falcon to the Red Buoy Line and inside of 5 miles from North Head to

Klipsan Beach.
t/ Only 1 chinook allowed in bag limit.
u/ Open only inside the 27 fathom curve.
v/ Open Suhdays and Mondays only.
w/ Only 1 chinook allowed in bag limit of 2 salmon fxom June 30-Aug. 15.
x/ Open fxom Red Buoy Line south to Cape Falcon.
y/ Open ,Thursday through Monday only.
z/ All-salmon fishery with 1 chinook allowed and open on Fridays, Saturdays and Sundays only.
aa/ No more than 4 fish in 7 consecutive days.
bb/ No more than 20 fish per year.
cc/ Open for all salmon except chinook.
dd/ Open Monday through Wednesday only.
eel Open Sunday through Tuesday only.
if/ No more than 10-fish per year.
gg/ Open Wednesday through Saturday only.
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Crescent City

COMMCHIN Troll Chinook salmon landings in numbers of fish by port. California Dept. Fish and Game.
COMMCOHO Troll Coho salmon landings in numbers of fish by port. California Dept. Fish and Game.
RECRCHINC Ocean recreational Chinook salmon landings by charter vessels in numbers of..fish by port.
RECRCHINS Ocean recreational Chinook salmon landings by skiff vessels in numbers of f~sh by port.
RECRCOHO Ocean recreational Coho salmon landings by all vessels in numbers of flsh by port.

recreational salmon (all species) fishing effort by charter vessels in number of days by port. CDFG.TRIPCHART Ocean
TRIPSKIFF Ocean recreational salmon (all species) fishing effort by skiff vessels in number of days by port. CDFG.

County or regional (for SF ~ay area only) population. (thousands)
County or regional (for SF Bay area only) unemployment rate.

CRESCENTCITY CRESCENTCIT~ :RESCENTCIT~ CRESCENTCIT~CRESCENTCIT~ ’CRESCENTCITY CRESCENTCITY CRESCENTCITY CRESCENT~IT~
YEAR COMMCHIN COMMCOHO RECRCHINC RECRCHINS RECRCOHO TRIPCHART TRIPSKIFF POP UNEMP

1965 47325 53937 0 483 1430 0 2608 17,5 7.5
1966 46715 102185 0 210 1602 0 3032 17.2 7.2
1967 43090 92572 108 562 4921 843 5666 16.9 10.6
1968 29471 128354 63 341 3138 713 4944 16.3 8.2
1969 22733 44092 143 2773 2210 275 7218 16.6 9.8
1970~ 46180 64655 8 839 1227 18 4207 14.6 10.1
1971 54420 97208 80 1440 4229 1147 31332 15 12
1972 39071 26497 97 1077 4498 764 12102 15.1 12
1973 25908 92901 85 4082 6313 628 17456 15.2 i0
1974 24310 131416 26 2482 15273 169 20074 15,3 i0
1975 34664 72080 43 1352 4097 493 12078 15.6 20.1
1976 20971 133054 O, 2991 16880 800 27946 15.9 14.5
1977 36285 18725 317 7083 5327 955 21841 16.4 9.3
1978 59636 116324 259 1727 19159 2363 15035 17.4 12.8
1979 71783 76216 499 2380 10829 2173 9562 17.7 12.9
1980 32622 16345 188, 2530 7249 1411 17777 18.3 13.2
1981 81821 35390 207 3800 2833 641 13419 18,7 15.5
1982 73572 26490 70 6126 8747 478 24609 18.5 23.5
1983 24686 16029 80 3365 9841 491 21184 18.6 19.7
1984 14369 2465 82 3441 8596 491 23346 18.3 16.3
1985 1053 414 812 17177 6863 1552 29455 18.6 17.6
1986 17439 6356 314 5446 8145 1090 24463 19 12.8
1987 34940 5985 487 11573 14904 1476 50598 19.4 11.9
1988 20680 3409 521 16715 12239 861 43006 20.2 12.4
1989 9364 6259 372 24903 18491 581 33024 21.1 12.7
1990 2081 83 393 12324 15457 781 41918 24.5 12.2
1991 391 91 129 3238 18318 1044 24527 26 12.6



Eureka

COMMCHIN Troll Chinook salmon landings in numbers of fish. by port. California Dept. Fish and Game.
COMMCOHO Troll Coho salmon landings in numbers of fish by port. California Dept. Fish and Game.
RECRCHINC Ocean recreational Chinook salmon landings by charter vessels in numbers of fish by port.
RECRCHINS Ocean recreational Chinook salmon landings by skiff vessels in numbers of fish by port.
RECRCOHO Ocean recreational Coho salmon landings by all vessels in numbers of fish by port.
TRIPCHART Ocean recreational salmon (all species) fishing effort by charter vessels in number of days by port. CDFG.
TRIPSKIFF Ocean recreational salmon (all species) fishing effort by skiff vessels in number of days by port. CDFG.

County or regional (for SF Bay area only} population. (thousands)
County or regional (for SF Bay area only) unemployment rate.

EUREKA EUREKA EUREKA EUREKA EUREKA EUREKA EUREKA EUREKA EUREKA
YEAR COMMCHIN COMMCOHO RECRCHINC RECRCHINS RECRCOHO TRIPCHART TRIPSKIFF POP UNEMP

1965 159092 75386 1166 4289 12242 5223 23382 102.4 9.1
1966 174814 208481 509" 2304 23387 5124 26514 103.2 7.3
1967 137827 103807 777 2388 13630 4057 21857 101.8 13
1968 115680 88064 422 1893 14854 4477 21385 99.7 7 4.
1969 128100 41786 1708 18930 9894 6321 40645 i01 7.7
1970 154496 56596 3034 29490 7007 4987 41623 100.1 10,6
1971 140449 132299 1716 16335 31060 4367 43329 100.9 12
1972 108364 39555 1217 5665 21664 4248 35788 102.2 12
1973 194111 114967 1275 6309 "17812 4782 26670 103.8 i0
1974 84442 303956 1943 7156 30204 3045 40041 104.9 10
1975 183331 78784 759 7062 10166 3045 29382 104.4 14.5
1976 165419 204835 365 6746 19845 2246 28244 104.8 12.3
1977 161175 19258 494 1267 5905 1219 25486 106.1 9.9
1978 155168 140281 251 2057 18972 1339 19827 106.8 12.6
1979 218363 65953 180 3467 8527 718 17290 107.7 11.6
1980 131283 19791 149 3897 12320 599 22495 108,9 12
1981 99709 35858 177 4229 5506 452 15827 110.7 12.1
1982 95994 28572 105 6979 14418 420 22347 110.2 16.7
1983 35177 26597 370 5114 15061 1354 21494 110.4 13
1984 13979 3671 241 4370 8959 889" 17886 Iii 11.8
1985 3750 322 2542 23842 7885 3451 31421 111.6 12.9
1986 48413 5751 1505 8954 8605 2831 26069 112.9 9.1
1987 73844 12352 2218 16218 29781 3781 42353 114.1 7.6
1988 61803 13415 1449 12896 18343 2508 30279 116.3 7.7
1989 21783 4946 3539 21103 26355 5354 37665 118.7 7.9
1990 13878 2838 1577 9532 24566 3221 35429 119.8 7.8
1991 7772 3089 841 8667 21771 2105 25342 122.3 8".9



Fort Bragg

COMe’CHIN Troll Chinook salmon l~ndings in numbers of fish by port. California Dept. Fish and Game.
COMMCOHO Troll Coho salmon landings in numbers of fish by port. California Dept. Fish and Game.
RECRCHINC Ocean recreational Chinook salmon landings by charter vessels In numbers of fish by pork.
RECRCHINS Ocean recreational Chinook salmon landings by skiff vessels in numbers of fish by port.
RECRCOHO Ocean recreational Coho salmon landings by all vessels in numbers of fish by port.
TRIPCHART Ocean recreational salmon (all species) fishing effort by charter vessels in number of days by port. CDFG.
TRIPSKIFF Ocean recreational salmon (all species) fishing effort by skiff vessels in number of days by port. CDFG.

County or regional (for SF Bay area only) population. (thousands)
County or regional (for SF Bay area only) unemployment rate.

FORT BRAGG FORT BRAGG FORT BRAGG FORT BKAGG FORT BRAGG FORT BKAGG FORT BKAGG FORT BRAGG FORT BRAGG
RECRCHINC RECRCHINS RECRCOHO TRIPCHART TRIPSKIFF POP UNEMPYEAR COMMCHIN COMMCOHO

1965 162724 70895 771 2298 2852 3826 11973 51.1 9.1
1966 168840 83859 1600 1876 3658 6726 15160 51.6 7.3
1967 69885 87088 1119 1459 6372 5232 12668 52.6 11.4
1968 100650 73787 1141 1482 9983 7159 14994 52.8 8.2
1969 120228 75439 2152 1808 5341 6726 10365 53.’5 8
1970 89143 34000 2070 1221 1934 6259 9097 51.3 7.5
1971 88359 158473 799 1574 16494 8463 12150 52.3 12
1972 114972 58765 2016 2858 8152 7111 15149 52.9 12
1973 174254 123723 1916 3383 4506 7560 18823 55.3 i0
1974 100130 137851 765 3503 13849 4874 ~9026 56.9 10

126353 23157 643 1181 2084 5881 10321 57.6 14.61975
1976 115683 159259 514 1810 7253 4072 12960 59.3 10.4
1977 138886 6133 333 5990 695 1715 13955 61.4 7.7
1978 131854 49146 349 2185 1990 949 8524 63.2 8.5
1979 202467 29266 1716 2910 823 3344 6476 65.5 8.7
1980 130443 11342 664 644 1267 2024 4377 67 10.6
1981 116624 10828 813 974 521 1261 6836 68.3 9.3
1982 177155 27537 1742 1206 921 2367 7988 69.5 15.2
1983 55886 13077 815 1118 1731 1567 6794 70.5 13.3
1984 49751 12075 612 387 714 1443 4672 71.4 12
1985 149177 8885 1474 3511 772 2310 12645 73 14 5
1986 257280 17846 2537 8047 1594 2826 10448 74.1 9 5"1987 320704 24053 4222 4979 2508 4594 9382 75.1 8.5
1988 404213 27004 4367 5039 3175 5553 12213 76.2 8.4
1989 136019 23756 2149 3654 3679 451~ 13027 77.9 7:9
1990 71269 24962 965 2423 4540 2749 11897 81 8.3
1991 44173 8661 1045 4809 18586 5411 17214 82.2 Ii



San Francisco Bay Area

COMMCHIN Troll Chinook salmon landings in numbers of fish by port. California Dept. Fish and Game.
COMMCOHO Troll Coho salmon landings in numbers ,of fish by port. California Dept. Fish and Game.
RECRCHINC Ocean recreational Chinook salmon landings by charter vessels in numbers of fish by port.
RECRCHINS Ocean recreational Chinook salmon landings by skiff vessels in numbers of fish by port.
RECRCOHO Ocean recreational Coho salmon landings by all vessels in ntu.bers of flshbyport.
TRIPCHART Ocean recreational salmon (all species) fishing effor~ by charter vessels in number of days by port. CDFG.
TRIPSKIFF Ocean recreational salmon (all species) fishing effort by skiff vessels in number of days by port. CDFG.

County or regional (for SF Bay area only) population. (thousands)
County or regional (for SF Bay area only) unemployment Tare.

BAY AREA SF BAY AREA SF BAY AREA SF BAY AREA SF BAY AREA SF BAY AREA SF BAY AREA SF BAY AREASF BAY AREA SF
YEAR COMMCHIN COMMCOHO RECRCHINC RECRCHINS RECRCOHO TRIPCHART TR~PSKIFF POP UNEMP

1965 291379 14494 43006 2707 2961 49998 4491 3506.5 5 5
1966 143029 48238 59953 4409 3206 59954 3180 3567.7 4 6
1967 69533 113151 55526 2977 17990 109824 14576 3650.7 4 8
1968 167953 68145 106838 16968 10121 69815 20118 3712.2 4 3
1969 176749 26618 93786 19723 9219 72057 25167 3759.2 4 1
1970 163097 23698 86498 10802 3595 80891 18760 3828 7 1
1971 125755 50724 103172 42707 13654 103212 44611 3873.7 9
1972 189558 31110 135485 41018 8390 95758 37100 3912.7 8.5
1973 242412 14333 114207 52810 1669 85603 48104 3943 7.6
1974 222785 64815 86537 43705 15139 79243 67354 3962.2 7.6
1975 160434 16646 65146 19831 4888 78504 31696 3987.7 12.1
1976 138231 83246 47495 16265 13287 66203 30547 4033.6 8.7
1977 185164 842 42630 29964 2272 71983 34246 4074.9 7.4
1978 158158 6770 39279 24806 1070 47305 48748 4108.2 6.1
1979 180087 11084 81627 20920 1090 69603 34700 4134.9 7.1
1980 211778 1946 61328 11765 334 62365 23731 4271.6 6.6
1981 199910 1624 60267 9817 1721 56055 19013 4329.9 7.5
1982 281761 8571 94452 22458 2524 72241 28687 4384.4 8.2
1983 75019 2922 44561 5156 541 50759 9528 4452.8 8.9
1984 167668 24390 67188 6045 546 56764 8246 4508.2 6.5
1985 175681 1134 99986 12489 283 74550 18734 4595 4.9
1986 302302 5103 71808 14447 354 69572 22124 4658.6 5.5
1987 355615 1165 102185 17341 51 82882 25520 4709.7 4.6
1988 642693 6733 94939 19516 374 81074 27018 4780.8 4.5
1989 255817 6450 86504 7155 863 83514 11520 4863.5 4.1
1990 199147 27433 62813 14749 5849 54251 35419 ~942 4.3
1991 162731 48996 28765 8509 7695 43685 26478 5026.9 5.6



Monterey

COMMCHIN Troll Chinook salmon landings in numbers of fish by port. California Dept. Fish and Game.
COMMCOHO Troll Coho salmon landings in numbers of fish by port. California Dept. Fish and Game.
RECRCHINC Ocean recreational Chinook salmon landings by charter vessels in numbers of fish by port.¯
£ECRCHINS Ocean recreational Chinook salmon landings by skiff vessels in numbers of fish by port.
RECRCOHO Ocean recreational Coho salmon landings by all vessels in numbers of fish by port.
TRIPCHART Ocean recreational salmon (all species) fishing effort by charter vessels in number of days by port. CDFG.
TKIPSKIFF Ocean recreational salmon (all species) fishing effort by skiff vessels in number of days by port. CDFG.

County or regional (for SF Bay area only) population. (thousands)
County or regional (for SF Bay area only) unemployment rate.

MONTNREY MONTEREY MONTNREY MONTEREY MONTEREY MONTNREY MONTEREY MONTNREY MONTEREY
YEAR COMMCHIN COMMCOMO RECRCHINC RECRCHINS RECRCOHO TRIPCHART TRIPSKIFF POP UNEMP

1965 ’ ’ ’ 44740 2692 1069 ’ 4~27’ ’ 1024 3139’ " i~66~" 214.8 8
1966 20177 3029 2089 548 7.2626 2076 6938 233.1
1967 17549 17492 3388 4262 7367 15898 20159 241.7 7.6
1968 58255 4036 5119 19976 2303 8830 33232 241.8 7.1
1969 103613 5383 2175 12562 1530 6732 43203 244.9 6.9
1970 63732 3947 1346 12491 852 4271 34995 247.7 6.8
1971 24944 3400 2617 17831 1984 5751 41953 255 6.9
1972 40238 2067 1028 10061 1849 3378 31514 253.3 6
1973 180283 2161 2016 11870 1341 6337 43674 255.4 7
1974 59895 17878 2411 8937 2143 5834 15747 261.6 6.9
1975 73927 13340 1726 5991 9 3359 7720 266.4 8.7
1976 99626 41384 2207 2600 641 7891 6291 271.6 8.9
1977 78675 192 602 3404 0 4784 5144 277 8.3
1978 132842 3242 887 922 44 1274 5364 ~76.4 8.3
1979 54060 1886 2190 3739 9 3139 6725 281,2 8.1
1980 82524 387 1960 2060 1 2866 6712 292.1 9.2
1981 89995 177 2218 1525 0 2720 5729 299.2 9.9
1982 136678 715 3124 2462 84 4397 7727 305.3 11.6
1983 103215 1269 1991 1252 72 2691 6813 312.1 12.3
1984 53992 4421 1941 3496 169 1892 11435 324.7 10.6
1985 36637 199 2524, 6752 24 3202 14577 331.1 10.6
1986 200154 1299 10526 180~2 30 10098 26078 338.1 10.3
1987 91231 118 12718 20602 9 12284 35400 343.5 8.6
1988 187818 400 7373 8546 229 11709 28176 348.9 8,3
1989 10.7955 538 12363 24885 216 14001 41731 353.4 8.1
1990 137072 5698 12528 22525 1233 17441 49026 358.8 9
1991 79798 21433 9421 15409 2893 17001 33823 365.6 10.9



Tillamook

GOMMOHIN Troll Ohinook salmon landings (catch) in numbers of fish.
COMMCOHO Troll Coho salmon landings (catch) in numbers of fish.
RECRCHIN Ocean recreational Chinook salmon landings (catch) in numbers of fish.
RECRCOHO Ocean recreational Coho salmon landings (catch) in numbers of fish.
TRIPCHART Ocean recreational salmon (all species) fishing effort by charter vessels in number of angler days.
TRIPPRIVATE Ocean recreational salmon (all species) fishing effort by private vessels in number of angler days.

County or regional population. (thousands).

TILLAMOOK TILLAMOOK TILLAMOOK TILLAMOOK TILLAMOOK TILLAMOOK TILLAMOOK
YEAR COMMCHIN COMMCOHO RECRCHIN RECRCOHO TRIPCHART TRIPPRIVATE POP

1974 7539 153697 2105 29160 NA NA 18.4
1975 5848 109815 1712 24331 NA NA 18.5
1976 9076 307455 2283 49698 NA NA 18.6
1977 26145 98397 1510 14746 NA NA 19.2
1978 8138 93399 833 8510 NA NA 19.9
1979 4950 77924 981 9418 2800 1630,0 20.6
1980 7799 53249 1574 28922 3700 29300 21.164
1981 12232 160413 1895 17693 3100 34900 21.528
1982 8978 114831 1360 23092 2100 22500 21.653
1983 4895 63293 692 8808 1800 23500 21.563
1984 1612 0 1110 20277 2500 21300 21.411
1985 3335 1571 2610 30983 5300 33200 21.022
1986 14188 95806 471 23459 3000 15000 20.998
1987 41354 75044 3515 16315 5500 23600 21.102
1988 32794 172236 2698 29641 7300 26000 21.163
1989 30350 136230 873 30144 5200 26100 21.356
1990 12358 53249 1230 22910 5500 28000 21.645
1991 9500 89000 700 25700 2500 18500 22.017
1992 7300 7.9 1500 20800 2700 23400 22.328
1993 6300 0 300 2300 500 5100 22.887
1994 1700 0 2400 0 1300 9300 23.315

NA = Data either not available or inconsistent with later data.



COOS Bay

COMMCHIN Troll Chinook salmon landings (catch) in numbers of fish.
COMMCOHO Troll Coho salmon landings (catch) in numbers of fish.
RECRCHIN Ocean recreational Chinook salmon landings (catch) in numbers of fish.
RECRCOHO Ocean recreational Coho salmon landings (catch) in numbers of fish.
TRIPCHART Ocean recreational salmon (all species) fishing effo~ by cha~er vessels in number of angler days.
TRIPPRIVATE Ocean recreational salmon (all species) fishing effo~ by private vessels in number o! angler days.

County or regional population (thousands).

COOS BAY COOS BAY COOS BAY COOS BAY COOS BAY COOS BAY COOS BAY
YEAR COMMCHIN COMMCOHO RECRCHIN RECRCOHO TRIPCHART TRIPPRIVATE POP

1974 126023 441667 2943 75264 NA NA 59.2
1975 113047 251497 10355 102045 NA NA 59.7
1976 75025 778589 14543 164440 NA NA 59.9
1977 142519 148603 22401 72303 NA NA 61
1978 66825 217399 4826 82912 NA NA 62.6
1979 68685 263071 4537 78956 22700 52900 63.4
1980 74760 42992 5307 135877 19600 65200 64.047

.1981 24402 161405 4455 57648 17600 66300 63.257
1982 109175 227870 10088 55602 11400 47900 61.774
1983 19861 109709 6583 62654 12100 59600 61.199
1984 15399 0 4854 39438 5900 34300 60.944
1985 155642 29387 9456 51162 12500 51000 59.941
1986 239523 85332 5918 61097 9600 34000 58.864
1987 350798 177910 18873 53974 14400 48100 59.551
1988 268501 196394 8057 71019 15600 53500 59.862
1989 232662 159523 6642 73022 13100 53500 59.753
1990 174428 42993 6544 62049 12200 52500 60.401
1991 30600 101100 5100 90800 8400 49300 60.916
1992 6200 5300 3800 76000 7400 48200 61.871
1993 10500 0 1100 12200 1800 13600 62.607
1994 4000 0 50 0 0 400 62.732

NA = Data either not available or inconsistent with later data.



Brookings

COMMCHIN Troll Chinook salmon landings (catch) in numbers of fish.
COMMCOHO Troll Coho salmon landings (catch) in numbers of fish.
RECRCHIN Ocean recreational Chinook salmon landings (catch) in numbers of fish.
RECRCOHO Ocean recreational Coho salmon landings (catch) in numbers of fish.
TRIPCHART Ocean recreational salmon (all species) fishing effort by charter vessels in number of angler days.
TRIPPRIVATE Ocean recreational salmon (all species) fishing effort by private vessels in number of angler days.

County or regional population (thousands).

BROOKINGS BROOKINGS BROOKINGS BROOKINGS BROOKINGS BROOKINGS BROOKINGS
YEAR    COMMCHIN COMMCOHO RECRCHIN RECRCOHO TRIPCHART TRIPPRIVATE POP

1974 35286 ’ 95288 ’ 9892 ’ ’ :~9607 ......I~A NA’ ’ "~4’
1975 70649 76684 10568 19539 NA NA 14.3
1976 42199 118667 13162 51449 NA NA 14.6
1977 87847 23153 11460 13129 NA NA 15.2
1978 47251 58154 7178 46983 NA NA 15.9
1979 123794 101200 6411 18151 3000 48000 16.6
1980 684O5 4801 33013 2800 47000 16.9920
1981 86015 53541 8897 8324 3200 64000 17.366
1982 69485 22265 15538 16911 3400 58000 17.413
1983 21991 22450 12354 16349 3600 52100 17.045
1984 24647 0 9045 11491 2100 35900 16.806
1985 6053 214 36142 7435 4200 54800 16.664
1986 54276 19431 11843 11711 3400 49400 16.809
1987 39848 4298 25814 17479 4600 64800 17.454
1 988 31588 1250 21698 15016 3000 50000 18.269
1989 16979 1004 21257 33034 4400 61700 18.81
1990 2304 0 12732 15318 2500 48600 19.453
1991 100 0 6800 22200 2100 34400 19.671
1992 0 0 2600 3300 500 17200 19.907
1993 0 0 3800 6000 600 23200 20,398
1994 1500 0 3600 0 200 16000 20.806

NA = Data either not available or inconsistent with later data.
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CVPIA - Impact Assessment Methodology Michael Hanemarm and Chris Dumas

Table 8.

Expenditure per Trip for Various Recreational Activities in California

Expenditure
Per Trip Year of

Activity (19905’s) Study Source
Northern California Party/Chartei" Boat $ 84.25 1986 Thompson and Huppert (1987)
Northern California Private/Rental Boat $ 56.17 1986 Thompson and Huppert (1987)
Northern California Shoreline Fishery $ 30.42 1986 Thompson and Huppert (1987)
Picnicking $ 16.19 1984 CDPR (1984)
Nature Appreciation $ 16.19 1984 CDPR (1984)
Ocean/Beach Use $ 9.96 1984 CDPR (1984)
Boating $ 42.33 1984 CDPR (1984)
Fishing, Freshwater/Saltwater $ 50.63 1980 USFWS (1980)
Hunting $ 102.85 1980 USFWS (1980)
Deer Hunting $ 33.99 1987 Loomis et al. (1981)
Note: Data adjusted to 1990 $’s using GDP price deflator.
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CVPIA - Impact Assessment Methodology Michael Hanemann and Chris Dumas

Table 9.

Charter Boat Operator Expenses per Passenger Day

Expenses Per
Passenger Day Percent

Expen~i,ture Category (1990 $’s) of Total
Crew Wages $ 1.87 5%
Skipper Salary $ 11.75 31%
Fuel $ 3.53 9%
Moorage $ 0.53 1%
Maintenance and Repair $ 2.74 7%
Insurance $ 1.54 4%
Booking Commission and Fees $ 4.10 11%
Other $ 0.64 2%
Taxes, Fees, License, Etc. $ 2.82 8%
Residual (Profit and/or debt payment) , $ , , 8.04 21%
TOTAL $ 37.56 100%
N~te: Date adjusted to 19~0 $’s using GDP price deflator. ’
Source: Based on data in Crutchfield and Schelle (1979).
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CVPIA - Impact Assessment Methodology Michael Hanemann and Chris Dumas

Table 10.

Expenditures of Ocean Recreational Salmon Anglers

Charter Boat Angler, Private Boat Angler
Expenditures Per Expenditures Per

Angler Day Angler Day
Expenditure Category (1990 $’s) (1990 $’s)

Restaurants $ 13.01 $ 13.01
Groceries $ 6.32 $ 6.32
Camping, etc. $ 3.63 $ 3.63
Lodging $ 7.14 $ 7.14
Boat/motor rental fees NA $ 0.26
Boat landing fees NA $ 2.25
Gas for boat NA $ 17.40
Charter boat fees $ 37.56 NA
Miscellaneous $ 5.17 $ 5.17
TOTAL $ 72.83 $ 55.18
Note: Date adjusted to 1990 $’s using GDP p’rice deflator.
Source: Based on data in Crutchfield and Schelle (1979).
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Figures
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CVPIA - Impact Assessment Methodology Michael Hanemann and Chris Dumas

Figure 1.

Source: PFMC. (1993a).
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CVPIA - Impact Assessment Methodology Michael Hanemann and Chris Dumas

Figure 2.
Source: PFMC (1993a).
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CVPIA - Impact-Assessment Methodology Michael Hanemann and Chris Dumas

Figure 3.

The Demand for Charter Trips
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CVPIA - Impact Assessment Methodology Michael Hanemann and Chris Dumas

Figure 4.

The Supply of Charter Trips
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CVPIA Impact Assessment Methodology MiChael Hanemann and Chris Dumas

Appendix 1

Outline of Draft Impact Assessment Methodology for Fish, Wildlife, and Recreation Economics

RECREATION ECONOMICS
RECR.-RELATED SPENDING AND DIRECT ECON. IMPACTS

Task 1: Establish Local Impact Areas.
Task 2: Estimate Recr.-Related Spending Changes.
Task 3: Estimate Direct Employment and Pers. Income Effects.
Task 4: Compare Estimated Effects with Estimates of No-Project

Conditions.
NET RECREATION BENEFITS

Task 1: For Priority 1 and 2 Recreation Sites ONLY, Estimate Predicted
Changes in Recreation Benefits as a Function of Environmental
Conditions.

Task 2: Construct Spreadsheets to Enable "What-If’ Analyses of
Recreation Benefits as a Function of Environmental Conditions.

COMMERCIAL FISHERIES ECONOMICS
Task 1: Determine Geographical Allocation of Increased Ocean Harvest.

Subtask 1.1: Assess Ocean Salmon Population Changes.
Subtask 1.2: Evaluate Allowable Salmon Harvest/Season.

Task 2: Estimate Project Effects on Harvest Values and Net Income.
Subtask 2.1: Evaluate Commercial Fleet Characteristics.
Subtask 2.2: Assess Market Characteristics.
Subtask 2.3: Estimate Net Income Effects.

Task 3: Estimate Direct Employment Effects.
Task 4: Estimate Local Gov’t. Revenue Effects.

INDIAN TRUST FISHERIES ECONOMICS
Task 1: Estimate Geographical Allocation of Increased Populations of

Available Fish.
Task 2: Estimate Net Economic Value of Available Fish.

Subtask 2.1: Estimate Economic Value of Subsistence
Consumption.

Subtask 2.2: Estimate Economic Value of Commercial Fish
Harvest.

Task 3: Estimate Employment Effects.
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Chapter I

DESCRIPTION

INTRODUCTION

This technical appendix describes the methods used to assess the economic effects associated
with impacts on fish, wildlife, and recreation resources that could result from implbmenting the
Central Valley Project Improvement Act (CVPIA). The impact assessment includes an analysis
of economic effects of changes in recreation activity (including sport fishing) and of changes in
the abundance of salmon for commercial harvest. The tasks performed and data used to conduct
the analyses are described in this technical appendix.

Figures I-1 and I-2highlight the analytic framework used to assess these economic effects.
Figure I-1 summarizes the analytic methods used to assess effects related to changes in
hydrology. These assessments, referred to as "alternatives-based analyses," describe changes in
recreation-related spending and recreation benefits resulting from the changes in use affected by
the hydrologic conditions under each of the four action alternatives.

Figure 1-2 summarizes the analytic methods used to assess effects related to changes in sport and
commercial fishing. These assessments, referred to as "scenario-based analyses," describe
changes in recreation spending and benefits related to sport fishing, and changes in economic
activity related to commercial fisheries. Implementation of the CVPIA would affect sport and
commercial fishing most directly through the changes in fish populations. Because the Draft
Programmatic Environmental Impact Statement (PEIS) does not estimate specific fish population
numbers associated with each alternative, this analysis describes the effects of a range of possible
changes in populations between existing levels and "doubling." No relationship between these
scenarios and individual alternatives is implied. The separation of the "alternatives-based"
analysis from the "scenario-based" analysis is intended to emphasize this division.

Although existence values pertaining to fishery enhancement programs were not an~ilyzed, a
review of relevant studies of existence values is included in the section "Other Economic
Values."

ANALYSIS OF ALTERNATIVES-BASED ECONOMIC EFFECTS

Economic effects associated with recreation include both changes in recreation-related spending
and recreation benefits. The calculation of each of these effects involves several steps. This
section describes these steps, called analytic tasks, as well as the specific objectives of the
analyses involved.
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Draft PEIS Description

Hydrologic Simulations
(PROSlM / SANJASM)

Recreation Use                              /
¯ Refuges
¯ Reservoirs
¯ Rivers (San Joaquin River Region Only)

Recreation-Related

i

Recreation
Spending Benefits

(by Recreation Area) (by Recreation Area)

Recreation Benefits I
Visitor Spending Spending (Aggregated by I(by Region,) (by Region) Recreation Sites

in a Region)

FIGURE I-1

ANALYTIC FRAMEWORK FOR ASSESSING
ALTERNATIVES-BASED ECONOMIC EFFECTS
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Draft PEIS Description

Assumed Fishery Enhancement Scenarios ¯
¯ 33 Percent Increase I¯ 67 Percent Increase
¯ 100 Percent Increase

Sport Fishing Activity (by Region)
¯ Pacific Coast Region

Commercial Salmon Harvest (Salmon Only)(by Region) ¯ Sacramento River Region
(Including Delta)

Recreation Related
Salmon Harvest Revenues Benefits Spending

(by Region) (by Recreation
Area) (by Recreation

Area)

Recreation
Net Income Sales Tax Benefits
(by Region) Revenues (Aggregated by

(by Region) Recreation Sites
in a Region)

Recreation- Recreation-
Related Related

Visitor Spending Spending
(by Region) (by Region)

FIGURE I-2

ANALYTIC FRAMEWORK FOR ASSESSING
SCENARIO-BASED ECONOMIC EFFECTS
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Draft PEIS Description

RECREATION-RELATED SPENDING

Objectives

The purpose of the recreation-related spending assessment was to assess changes in recreation-
related spending associated with changes in use of affected recreation areas. Recreation areas that
would be affected include reservoirs operated by the Central Valley Project (CVP), State Water
Project (SWP), and other water agencies; rivers and streams; and federal and state wildlife
refuges.

The specific objectives of the analysis were to estimate changes in total recreation-related
spending by region and to break out changes in recreation-related spending by visitors to affected
regions. The results of these analyses were used to assess potential impacts on regional recreation
economies and to estimate changes in employment and income in the regional economic analysis
(see the Regional Economics Technical Appendix). The study regions include the Sacramento
River, San Joaquin River, and Tulare Lake regions. The magnitude of changes in regional
recreation-related spending was assessed by comparing project-related effects to spending
conditions in the No-Action Alternative.

Analytic Tasks

The following analytic tasks, more fully described later, were performed to assess recreation-
related economic effects:

1.Apportion predicted recreation use by activity category and region of origin
2.Develop visitor-day spending profiles for several categories of recreation activities
3.Estimate total recreation-related spending at affected recreation areas within each region
4.Assess changes in visitor spending by region

These tasks were performed first to establish the baseline condition associated with the No-Action
Alternative and then to analyze the changes expected to occur under each project alternative.

Task 1. Apportion Use by Activity and Region of Origin. Total recreation use
estimates, expressed in visitor days, were apportioned among fishing, hunting, and non-
consumptive activities based on estimates of the current proportions reported in the Recreation
Technical Appendix.

Total use was apportioned between residents of the region of interest (local region) and users
from other regions (visitors) based on information presented in the Recreation Technical
Appendix. The regions of interest were the same regions used for other impact topics in the
PEIS. Information sources included published reports, personal communications ~om recreation-
area managers, and professional judgment. Table I-1 contains the percentages of users of affected
recreation areas who were assumed to reside outside the region in which the recreation area is
located. As shown, the proportions range ~om 10 percent for users of Folsom Lake and the
lower American River to 70 percent for users of San Luis Reservoir.

Fish, Wildlife, and Recreation
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Draft PEIS Description

TABLE I-1

ASSUMED PERCENTAGE OF NON-REGION VISITORS TO
AFFECTED RECREATION AREAS

Percentage of Non-Region
Recreation RegionlArea Visitors

Sacramento River Region
Shasta Lake 50
Lake Oroville 20
Folsom Lake 10
Upper Sacramento River 25
Middle Sacramento River 15
Lower Sacramento River 30
Feather River 15
Lower American River 10
Yuba River 25
Wildlife refuges 50

San Francisco Bay/Sacramento-San Joaquin Delta
Sacramento River portion of the Delta 30

San Joaquin River Region
San Luis Reservoir 70
Millerton Lake 30
New Melones Reservoir 25
Lake McClure 25
New Don Pedro Reservoir 25
Camanche Reservoir 35
Upper San Joaquin River 50
Lower San Joaquin River 35
Merced River 25
Tuolumne River 25
Stanislaus River 25
Wildlife refuges 50

Tulare Lake Region
Wildlife refuges 50

Pacific Coast Region
North Coast Subregion 35
San Francisco Subregion 15
Central Coast Subregion 25
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Draft PEIS Description

Task 2. Develop Visitor-Day Spending Profiles for Categories of Recreation
Activities. Spending profiles for the primary types of recreation activities affected by the
CVPIA were developed from studies conducted by the U.S. Fish and Wildlife Service and
U.S. Bureau of the Census (1993), National Marine Fisheries Service (Thomson and Huppert,
1987), and Propst et al. (1992).

Table 1-2 presents the spending profiles per visitor day used in the analysis. These spending
profiles, broken out by spending category, represent weighted averages of both day users and
overnight users. These weighted-average spending profiles are used to separately estimate
changes in visitor spending .and resident spending. Because spending profiles for visitors tend to
be higher per visitor day, they tend to underestimate changes in visitor spending, particularly in
the lodging and transportation sectors. The magnitude of this bias is believed to be minor based
on information presented in the source studies.

Task 3. Determine Recreation-Related Spending within the Region. The spending
profiles presented in Table I-2 were applied to the changes in recreation use estimates for each
recreation site to calculate changes in trip-related spending at affected recreation areas. To
determine recreation-related spending within a region, all spending associated with predicted use
of the affected recreation facilities was included with the following exceptions: the portion of
spending by visitors (i.e., residents of non-local regions) that occurred before the trip and the
portion of spending that occurred en route to, but outside, the region of interest. It was assumed
that 80 percent of all spending by visitors would occur within the local region; this percentage
was based on a study of reservoir use conducted by Propst et al. (1992).

Task 4. Assess Changes in Visitor Spending by Region. Changes in recreation-
related spending by visitors to a region were used in the regional economics analysis to analyze
the net gain or loss in recreation-related employment and income associated with changes at
affected areas within a region. For this analysis, the following assumptions were made concerning
how the recreation-related spending of different types of users would change in response to
changes in recreation opportunities at affected facilities.

¯ Non-local recreation users (i.e., those who live outside the region in which the affected
recreation area is located) would not use other areas in the region as substitutes for the
recreation area affected. This assumption was considered relatively accurate in that visitors
displaced from a specified recreation area are likely to respond by visiting alternative areas
outside the local region.

¯ Changes in recreation-related spending by residents of the local region would not affect
overall recreation-related spending within the region. This assumption was based on
consideration of two effects. First, residents of the region who live near the affected
recreation area would likely use substitute sites within the region or spend their money on
other activities in the region. These types of spending displacement would not constitute an
economic loss to the region. Other local residents may use substitute areas outside the region.
Although their forgone spending would represent an economic loss to the region, this
spending displacement can be expected to be minimal. The impact of these two effects on
overall regional spending is assumed to be small.
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Draft PEIS Description

TABLE I-2

RECREATION-RELATED SPENDING PROFILES, BY
RECREATION ACTIVITY AND SPENDING CATEGORY

Freshwater
Fishing in
Rivers and Charter Private Nonconsumptive

Spending Wildlife Saltwater Saltwater Waterfowl Recreation
Category Refuges(I) Fishing(2) Fishing(2) Hunting(I) Uses(3)
Food stores 4.68 3.48 3.97 5.81 2.89

Service stations 16.42 11.94 24.01 12.14 3.64

Eating and
drinking
establishments 9.50 6.97 7.96 11.65 2.16

Hotels and motels 9.60 6.96 7.94 4.50 4.66

Miscellaneous
recreational
services 5.26 67.97 22.63 6.18 2.90

Total 45.46 97.32 66.51 40.28 16.25
NOTE:

Values represent 1992 dollars per visitor day.
SOURCES:

(1) U.S. Fish and Wildlife Service and U.S. Bureau of the Census, 1993.
(2) Thomson and Huppert, 1987.
(3) Propst et al., 1992.

RECREATION BENEFITS

Objectives

The objective of the assessment of recreation benefits was to determine how implementation of
the CVPIA would affect the recreation benefits of all users of affected recreation areas.
Recreation benefits are measured in terms of recreationists’ net willingness to pay, or the
monetary amount that they would be willing to spend, over and above actual expenditures to
participate in recreation activities at affected facilities. This economic measure is used in
benefit-cost analysis to determine the social welfare consequences of alternative actions.

An additional economic measure often included in benefit-cost analysis is the profit, or net
income, effect on businesses serving recreationists. This measure, which is referred to as
"producer surplus," was not estimated as part of the analysis. Based on one study (Frederiksen,
Kamine and Associates, 1980), the net income to businesses serving recreationists from that
region averaged about 30 percent of revenues generated. This profit margin would vary by type
of business (e.g., river guide versus service station).
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Analytic Tasks

For recreation areas where changes in use were quantified, benefits were estimated based on
recreation use demand equations for the affected area, previous studies of benefits at the affected
recreation area, or values derived t~om studies of similar recreation areas. Changes in benefits
were estimated as a function of predicted changes in visitor days multiplied by an average value
per visitor day. All values were converted to 1992 dollars using the consumer price index.

Reservoirs. The recreation benefits of changes at reservoirs were estimated using an average
value per visitor day of $9.60. This benefit estimate was derived from Loomis et al. (1995) for
recreation use at Lake Isabella and was applied to all reservoir recreation activities.

For each reservoir, annual recreational benefits were estimated by multiplying the benefits per
visitor day by the total number of annual visitor days predicted by the use-estimating equations.
These equations are described in the Recreation Methodology/Modeling Technical Appendix.

Rivers and Streams. For rivers and streams in the San Joaquin River Region, changes in
recreation benefits were estimated using average values per visitor day developed by Jones &
Stokes Associates (1990). An average value of $18 per visitor day was used for changes in both
wildlife viewing and fishing.

The use-estimating equations developed for the rivers and streams in the Sacramento River
Region predict changes in recreation use based on changes in the abundance of risE The
methodology related to recreation use at these locations is described under "Analysis of
Scenarib-Based Economic Effects."

Wildlife Areas. Changes in recreation benefits at wildlife refuges were estimated using average
values per visitor day developed by Cooper and Loomis (1991). These values are specific to
waterfowl hunting ($24 per visitor day) and wildlife viewing and fishing ($18 per visitor day).

ANALYSIS OF SCENARIO-BASED ECONOMIC EFFECTS

Figure I-2 highlights the analytic framework used to assess economic effects on recreation-related
spending and benefits from sport fishing, and economic effects on commercial fisheries.

SPORT FISHING FOR ANADROMOUS SPECIES

Recreation Spending

For affected rivers in the Sacramento River Region, changes in recreation use were estimated
based on changes in sport fishing. Because specific fish population numbers associated with each
alternative have not been estimated for the PEIS, three fishery enhancement scenarios were used
to analyze a range of possible outcomes. These scenarios included a 33 percent, 67 percent, and
100 percent increase over No-Action conditions; No-Action conditions reflect the average catch
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catch conditions that existed between 1967 and 1991. These scenarios are not intended as
predicted outcomes, nor are they associated with particular alternatives.

To estimate recreation spending effects, predictions of changes in sport fishing activity (as
described in the Recreation Technical Appendix) for the Sacramento River and tributaries
(American, Feather, and Yuba rivers), San Francisco Bay/Sacramento-San Joaquin Delta (Bay-
Delta), and coastal waters were applied to the appropriate spending profiles in Table I-2. This
procedure was performed for each of the fishery enhancement scenarios to obtain estimates of
changes in total recreation spending. As in the "Alternatives-Based Analysis," it was assumed
that 80 percent of all spending by visitors would occur within the local region. The percentage of
total visits assumed to be made by visitors to a region are identified in Table I-1.

To estimate changes in recreation-related spending by visitors to a region, assumptions similar to
those described for the "Alternatives-Based Analysis" were made concerning how the spending
of different types of users would change. It was assumed that:

¯ non-local recreation users (i.e., those who live outside the region where the affected
recreation area is located) would not use other areas in the region as substitutes for the
recreation area affected, and

¯ changes in recreation-related spending by residents of the local region would not affect
overall recreation-related spending within the region (because they would either use
substitute areas in the region or would spend their money on other activities in the region).

Recreation Benefits

Recreation benefits that were measured for the "Scenario-Based Analysis" include only
recreationists’ net willingness to pay. The net income to recreation-serving businesses was not
analyzed. The procedures used to estimate recreation benefits for each affected study region
follow.

Sacramento River Region. For rivers and streams in the Sacramento River Region,
recreation benefits were derived from the travel cost demand models described in the Recreation
Methodology/Modeling Technical Appendix. Increases in fish catch at each recreation area
associated with the three assumed fishery enhancement scenarios (33 percent, 67 percent, and
100 percent increase) were incorporated into the travel cost demand models to estimate
recreation benefits, as measured by the change in consumer surplus.

San Francisco Bay-Delta. Changes in recreation benefits associated with sport fishing in the
Bay-Delta Region were estimated from the travel cost model described in the Recreation
Methodology/Modeling Technical Appendix for the Sacramento River system. This model
includes the Sacramento River portion of the Bay-Delta as a site destination.

Coastal Waters. Changes in recreation benefits associated with ocean sport fishing
opportunities for salmon were valued at $64 per trip based on a study conducted by Thomson and
Huppert (1987).
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They derived this value by estimating a travel cost model from survey data collected from
recreational anglers in the San Francisco Bay area. This value is consistent with other estimates
of net benefits for ocean sport fishing for salmon, which generally range from $60 to $90 per trip
according to Dumas et al. (1993).

COMMERCIAL SALMON FISHING

Because ocean salmon populations were not estimated for each alternative, the commercial
fisheries economics assessment evaluated a range of possible changes in commercial salmon
harvest levels (33 percent increase, 67 percent increase, and 100 percent increase), and the
resulting effects on harvest revenues, net income, and local sales tax revenue for the three
subregions of the Pacific Coast Region (Figure I-2).

¯ North Coast Subregion (Del Norte, Humboldt, and Mendocino counties). This fishery
consists primarily of chinook salmon originating from the Klamath/Trinity and Central Valley
(i.e., the Sacramento and San Joaquin rivers) river systems and coho salmon originating from
Oregon river systems.

¯ San Francisco Subregion (Sonoma, Matin, San Francisco, and San Mateo counties). This
fishery is primarily stocked by salmon originating from Central Valley rivers.

¯ Central Coast Subregion (Santa Cruz, Monterey, San Luis Obispo, and Santa Barbara
counties). This fishery is primarily stocked by salmon originating from Central Valley rivers.

The following three tasks were undertaken to assess CVPIA-related economic effects on ocean
commercial salmon fisheries.

Task 1. Estimate Salmon Harvest Levels

The impact analysis focused on estimating changes in commercial salmon harvests resulting from
a range of increases in the harvest of salmon originating from the Central Valley river system.
Three harvest levels for such salmon were evaluated: increases of 33 percent, 67 percent, and
100 percent. These three scenarios were assumed to represent a reasonable range of salmon
harvest changes that could result from implementation of the CVPIA.

CVPIA-related changes in commercial harvest levels were measured by comparing with-project
harvest levels to harvest levels under the No-Action Alternative. The No-Action Alternative is
assumed to reflect conditions that would exist in 2020 without implementation of the CVPIA, but

¯ with attainment of salmon escapement targets established for the Trinity River Restoration
program. Changes in harvests were estimated for the three regions described previously. The
following steps were used to estimate harvest levels under the No-Action Alternative under each
scenario.

Step A: Establish Historical Harvest Levels. Historical commercial ocean salmon
harvest levels were established for each region based on average commercial salmon harvest levels
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during the 1967-1991 period (Table I-3). Harvest data used to establish historical harvest levels
were derived from the Pacific Fishery Management Council (PFMC) (1993 and 1995).

Historical harvest levels, in number of salmon landed, for the three subregions of the Pacific
Coast Region are as follows.

¯ North Coast Subregion: 431,800
¯ San Francisco Subregion: 235,000
¯ Central Coast Subregion: 97,900

Step B: Estimate Proportion of Historical Harvest Originating from CVP-Related
River Systems. Commercial ocean salmon stocks of the three study regions are composed of
chinook and coho salmon originating from various fiver systems, including California and
Oregon systems. The CVPIA would directly affect chinook salmon stocks originating from the
Central Valley fiver system only.

Historical commercial salmon harvests in each of the three affected regions associated with
Central Valley stocks were calculated based on estimates of chinook salmon landings originating
from Central Valley stocks from 1977 through 1986 contained in Dettman et al. (1987). Central
Valley salmon stocks are assumed to account for the following percentages of total (i.e., coho
and chinook) historical salmon harvests in the three Pacific Coast subregions:

¯ North Coast Subregion: 21 percent
¯ San Francisco Subregion: 71 percent
¯ Central Coast Subregion: 89 percent

Pounds of salmon landed under historical conditions were estimated for all regions based on the
number of salmon landed in each region and average dressed weight of 9.9 pounds for chinook
salmon and 5.9 pounds for coho salmon.

Step C: Establish No-Action Harvest Levels. No-Action conditions reflect conditions
expected to exist in the year 2020 without implementatipn of the CVPIA. No-Action Alternative
harvest levels were established for each region based on historical catch levels, and are as follows
(also see Table I-4):

¯ North Coast Subregion: 500,800
¯ San Francisco Subregion: 246,400
¯ Central Coast Subregion: 100,100
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The Trinity River escapement information was used only for purposes of estimating total harvest
by region under No-Action Alternative conditions. A change in escapement assumptions would
only affect the No-Action Alternative values and the resulting proportionate change f~om No-
Action Alternative conditions under each scenario.

Step D: Determine Harvest Levels with Each Scenario. With-project harvest levels
under the 33 Percent Increase Scenario were determined for each region by increasing the
No-Action harvest level of salmon originating from the Central Valley river system by 33 percent.
(The harvest level of salmon originating from other river systems was assumed to remain
unchanged from No-Action levels.) The resulting harvest levels of Central Valley salmon were
added to No-Action Alternative harvest levels ofnon-CVP salmon to arrive at estimates of
harvest levels under each scenario for each region (Table I-5). These levels were compared to
No-Action Alternative harvest levels to determine CVPIA-related changes in harvest for each
region.

Similar methods were used to determine harvest levels under the 67 Percent Increase Scenario
and the 100 Percent Increase Scenario (Tables I-6 and I-7). For example, the No-Action
Alternative harvest of salmon originating from the Central Valley system was increased by 67
percent and added to No-Action Alternative harvests of salmon originating from other river
systems to determine the harvest for the 67 Percent Increase Scenario.

Task 2. Assess Effects on Harvest Revenues and Net Income

Changes in harvest levels would directly affect revenues and net income for the salmon harvesting
sector in each region. For the purposes of this analysis, net income is defined as pretax profit
earned by salmon harvesters through the catch and sale of salmon.

Harvest Values. The value of the commercial salmon harvest under No-Action Alternative
conditions and under each scenario was calculated based on estimated harvest levels and assumed
market prices received by commercial anglers. Harvest levels for each region were estimated as
previously described. Market prices for salmon change annually based on local and world supply,
and demand conditions. Additionally, prices received by individual anglers (referred to as ex-
vessel prices) are affected by the marketing avenues used for selling salmon (e.g., sales to
dockside buyers/processors or through farmers’ markets). Future prices for anglers along the
California coast may be affected by numerous factors: supply levels for pen-raised salmon,
economic and political conditions in major buying countries, Alaskan troller yields, and changes in
equipment technology (e.g., slush freezers) that may provide greater flexibility in delivering
salmon to the first point of sale.

As Table 1-3 shows, real (i.e., adjusted for inflation) salmon prices varied substantially from year
to year and among the study suhregions between 1967 and 1991. Average salmon prices over
this period ranged from $2.85 per dressed pound (in 1992 dollars) in the North Coast Subregion
to $3.28 per dressed pound in the Central Coast Subregion. Much of the regional variation in
price indicated by Table 1-3 is explained by the proportion of the total salmon harvest accounted
for by coho salmon. Coho salmon historically have brought lower per-pound prices than chinook
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TABLE I-5

BY REGION, UNDER THE ASSUMED 33 PERCENT INCREASE SCENARIO

North Coast Subregion San Francisco Subregion Central Coast Subregion

Pounds Pounds Pounds
Species/Area of Number Landed Number Landed Number Landed

Origin Landed I1) (1,000) 12) Landed (1) (1,000) (2) Landed (1) 11,000) (2)

Chinook

Central Valley River 120,613 1,194 221,871 2,197 115,895 1,147
system

Other (3)                 250,325 2,478 53,757 532 7,067 70

Subtotal 370,938 3,672 275,633 2,729 122,962 1,217

Coho (all areas of origin)        159,782 943 25,846 152 5,875 35

Total 530,720 4,615 301,479 2,881 128,836 1,252

NOTES:

(1) The number of salmon landed in each region was calculated by increasing the No-Action catch numbers for chinook salmon
originating from the Central Valley river system by 33 percent and adding to No-Action catch numbers for chinook and coho salmon
originating from other river systems. Refer to Table I-4 for baseline catch estimates for each region.

(2) Pounds of salmon landed were estimated based on average dressed weights of 9.9 pounds for chinook salmon and 5.9 pounds for
coho salmon.

(3) Other includes salmon originating from the Klamath/Trinity river system and Oregon rivers.



TABLE I-6

POTENTIAL ANNUAL AVERAGE COMMERCIAL OCEAN SALMON HARVEST,
BY REGION, UNDER THE ASSUMED 67 PERCENT INCREASE SCENARIO

North Coast Subregion San Francisco Subregion Central Coast Subregion

Pounds Pounds Pounds
SpecieslArea of Number Landed Number Landed Number Landed

Origin Landed (t) (1,000) (2) Landed (1) (1,000) (2) Landed (1) (1,000) (2)

Chinook

Central Valley River 151,447 1,499 278,597 2,758 145,522 1,441
system

Other (3)                250,325 2,478 53,757 532 7,067 70

Subtotal 401,772 3,978 332,354 3,290 152,589 1,511

Coho (all areas of origin)        159,782 943 25,846 152 5,875 35

Total 561,554 4,921 358,200 3,442 158,464 1,546

NOTES:

(1) The number of salmon landed in each region was calculated by increasing the No-Action catch numbers for chinook salmon
originating from the Central Valley river system by 67 percent and adding to No-Action catch numbers for chinook and coho salmon
originating from other river systems. Refer to Table I-4 for No-Action catch estimates for each region.

(2) Pounds of salmon landed were estimated based on average dressed weights of 9.9 pounds for chinook salmon and 5.9 pounds for
coho salmon.

(3) Other includes salmon originating from the Klamath/Tdnity river system and Oregon rivers.                 , ........ ,



TABLE I-7

POTENTIAL ANNUAL AVERAGE COMMERCIAL OCEAN SALMON HARVEST

North Coast Subregion San Francisco Subregion Central Coast Subregion

Pounds Pounds Pounds
Species/ Number Landed Number Landed Number Landed

Area of Origin Landed (1) (1,000) (2) Landed (1) (1,000) (2) Landed (1) (1,000) (2)
Chinook

Central Valley river system 181,374 1,796 333,649 3,303 174 278 1,725
Other (3) 250,326 2,479 53,757 532 7 066 70
Subtotal 431,700 4,275 387,406 3,835 181,344 1,795

Coho (all areas of origin) 159~782 943 25,846 152 5 875 35

Total 591,482 5,218 413,252 3,988 187 219 1,830
NOTES:

(1) The number of salmon landed in each region was calculated by doubling No-Action catch numbers for chino.ok salmon originating from
the Central Valley river system and adding to No-Action catch numbers for chinook and coho salmon originating from other river
systems. Refer to Table I-4 for No-Action catch estimates for each region.

(2) Pounds of salmon landed were estimated based on average dressed weights of 9.9. pounds for chinook salmon and 5.9 pounds for
coho salmon.

(31 Other inqlud?~ ~lm9n 9riqin~l~inq from 1;he Kl~mol;h/Trinitv river sy~l;~m ~n~l 0r?q9n riv?r~.
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salmon, decreasing average salmon prices for the North Coast Subregion fisheries that are more
heavily influenced by harvests ofcoho salmon.

To avoid speculation concerning future market price levels, average per-pound sales prices for
coho and chinook salmon during the 1979-1991 period, adjusted to 1992 dollars, were used to
estimate No-Action harvest values and values under each scenario. Although these price levels
are high compared to current prices, this approach is considered appropriate for long-term
analysis. Prices were calculated based on data reported by the PFMC (1995). The use of
constant, average prices for coho and chinook salmon assumes that changes in harvest levels will
have no effect on prices received by the salmon harvesting sector. Prices per dressed pound of
salmon used for the North Coast, San Francisco, and Central Coast subregions are $2.28 for coho
salmon and $3.29 for chinook salmon.

The harvesting sector revenues for the No-Action Alternative condition and the 33 Percent,
67 Percent, and 100 Percent Increase Scenarios are shown in Tables I-8 through I-11.

Harvest Sector Net Income. Net personal income for vessel owners (i.e., profit) generated
by the commercial salmon harvest was estimated using proprietary income coefficients (i.e., the
amount of income per dollar’s worth of output) derived through the micro-IMPLAN input-output
model (Minnesota IMPLAN Group, 1993). The model was constructed to create regions
representing the three coastal regions affected by the project. Coefficients for each subregion
were generated for the commercial fishing sector, as follows:

¯ North Coast Subregion: $0.390
¯ San Francisco Subregion: $0.392
¯ Central Coast Subregion: $0.353

Estimated changes in output (i.e., harvest revenue) for each region were applied to the net income
coefficients for each region to estimate total net income within the commercial fishing sector
generated by the salmon harvest under No-Action Alternative conditions and each scenario.
Changes in net income were calculated for each region by comparing income levels for each
fishery enhancement scenario (Tables 1-9, I-10, and I-11) to No-Action Alternative income levels
(Table I-8).

Task 3. Evaluate Direct Local Public Revenue Effects

In California, local public revenues are generated by sales taxes on transactions, including material
inputs required for salmon fishing. Local sales tax revenues generated by purchases of materials
for fishing were estimated based on commercial salmon fishing budgets developed by Carter and
Radtke (1986). This study indicates that expenditures on taxable items such as gear, fuel and
lubricants, ice, bait, and miscellaneous purchases average approximately 20.5 percent of total
revenues for salmon trollers. This factor was applied to estimated total revenues for each subarea
to estimate expenditures by the harvesting sector subject to local sales taxes. (This method
assumes that all purchases are made within the county of moorage.)
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TABLE I-8

ESTIMATED ANNUAL AVERAGE HARVESTING SECTOR REVENUES AND
NET INCOME UNDER THE NO-ACTION ALTERNATIVE

Pacific Coast Pounds of Ex-Vessel Total Net Total
RegionlHarvested Salmon Price per Pound Ex-Vessel Revenue Income Net Income
Salmon Species Harvested (1) (2) ($1,000) (3) Factor (4) ($1,000) (5)

North Coast Subregion

Chinook 3,376 $3.29 $11,107 0.390 $4,332

Coho 943 $2.28 $2,149 0.390 $838

Total 4~319 NA $13~257 NA $5~170

San Francisco Subregion

Chinook 2,184 $3.29 $7,185 0.392 $2,816

Coho 152 $2.28 $348 0.392 $136

Total 2~336 NA $7~532 NA ~;2~953

Central Coast Subregion

Chinook 933 $3.29 $3,068 0.353 $1,083

Coho 35 $2.28 $79 0.353 $28

Total 968 NA $3,147 NA $1,111

NOTES:
Prices, revenues, and income are expressed in dollars adjusted to a 1992 base year.
NA = not applicable.

(1) Represents average dressed weight of salmon landings under No-Action conditions (refer to Table I-4).
(2) Derived by averaging ex-vessel prices during the 1979-1991 period.
(3) Derived by multiplying price by pounds of salmon harvested.
(4) Represents estimated average proprietary income (profits) per dollar of revenue. Derived from the IMPLAN model

(Minnesota IMPLAN Group, 1993).
(5) Derived by multiplying tbtal revenue by the net income factor. Represents estimated total net income within the

salmon harvesting sector.



TABLE I-9

NET INCOME UNDER THE ASSUMED 33 PERCENT INCREASE SCENARIO

Pounds of Salmon
Pacific Coast Harvested (1) Ex-Vessel Price Total Ex-Vessel Net Income Total Net Income

RegionlHarvested Species (1,000) per Pound (2) Revenue ($1,000) (3) Factor (4) ($1,000) (5)
North Coast Subregion

Chinook 3,672 $3.29 $12,082 0.390 $4,712
Coho 943 $2.28 $2,149 0.390 $838

Total 4,615 NA $14,231 NA $5,550
San Francisco Subregion

Chinook 2,729 $3.29 $8,978 0.392 $3,519
Coho 152 $2.28 $348 0.392 $136

Total 2,881 NA $9,325 NA $3,656
Central Coast Subregion

Chinook 1,217 $3.29 $4,005 0.353 $1,414
Coho 35 $2.28 $79 0.353 $28

Total 1,252 NA $4,084 NA $1,442
NOTES:

Prices, revenues, and income are presented in dollars adjusted to a 1992 base year.
NA = not applicable.
(1) Represents average dressed weight of salmon landings under the 33 Percent Increase Scenario (refer to Table I-5).
(2) Derived by averaging ex-vessel prices during the 1979-1991 pedod (PFMC, 1995).
(3) Derived by multiplying price by pounds of salmon harvested.
(4) Represents estimated average proprietary income (profits) per dollar of revenue.

Derived from the IMPLAN model (Minnesota IMPLAN Group,1993).
(5) Derived by multiplying total revenue by the net income factor.

Represents estimated total net income within the salmon harvesting sector.



TABLE 1-10

ESTIMATED ANNUAL AVERAGE HARVESTING SECTOR REVENUES AND
NET INCOME UNDER THE ASSUMED 67 PERCENT INCREASE SCENARIO

Pacific Coast Pounds of Total
Region/ Salmon Ex-Vessel Net Total

Harvested Harvested (1) Ex-Vessel Price Revenue Income Net Income
Species (1,000) per Pound (2) ($1,000) (3) Factor (4) ($1,000) (5)

North Coast Subregion
Chinook 3,978 $3.29 $13,086 0,390 $5,104
Coho 943 $2.28 $2,149 0.390 $838

Total 41921 NA $151236 NA $51942
San Francisco Subregion

Chinook 3,290 $3.29 $10,825 0.392 $4,243
Coho 152 $2.28 $348 0.392 $136

Total 3~442 NA $111173 NA $41380
Central Coast Subregion

Chinook 1,511 $3.29 $4,970 0.353 $1,754
Coho 35 $2.28 $79 0.353 $28

Total t 1546 NA $51049 NA $1 ~782
NOTES:

Prices, revenues, and income are presented in dollars adjusted to a 1992 base year.
NA = not applicable.
(1) Represents average dressed weight of salmon landings under the 67 Percent Increase Scenario (refer to Table I-6).
(2) Derived by averaging ex-vessel prices over the 1979-1991 period (PFMC, 1995).
(3) Derived by multiplying price by pounds of salmon harvested.
(4) Represents estimated average proprietary income (profits) per dollar of revenue.

Derived from the IMPLAN model (Minnesota IMPLAN Group, 1993).
(5) Derived by multiplying total revenue by the net income factor.

Represents estimated total net income within the salmon harvestin,q sector.



TABLE 1-11

ESTIMATED ANNUAL AVERAGE HARVESTING SECTOR REVENUES AND
NET INCOME UNDER THE ASSUMED 100 PERCENT INCREASE SCENARIO

Pacific Coast Pounds of Total
Region/ Salmon Ex-Vessel Net Total

Harvested Harvested (t) Ex-Vessel Price Revenue Income Net Income
Species (1,000) per Pound (2) ($1,000) (3) Factor (4) ($1,000) (5)

North Coast Subregion
Chinook 4,274 $3.29 $14,061 0.390 $5,484

Coho 943 $2.28 $2,149 0.390 $838

Total 5~217 NA $16~210 NA $61322
San Francisco Subregion

Chinook 3,835 $3.29 $12,618 0.392 $4,946
Coho 152 $2.28 $348 0.392 $36

Total 3~987 NA $t 21966 NA $5~083
Central Coast Subregion

Chinook 1,795 $3.29 $5,907 0.353 $2,085
Coho 35 $2.28 $79 0.353 $28

Total 1,830 NA $5,986 NA $2,113
NOTES:

Prices, revenues, and income are presented in dollars adjusted to a 1992 base year.
NA = not applicable.
(1) Represents average dressed weight of salmon landings under the 100 Percent Increase Scenario (refer to Table I-7).
(2) Derived by averaging ex-vessel prices over the 1979-1991 period (PFMC, 1995).
(3) Derived by multiplying price by pounds of salmon harvested.
(4) Represents estimated average proprietary income (profits) per dollar of revenue.

Derived from the IMPLAN model (Minnesota IMPLAN Group, 1993).
(5) Derived by multiplying total revenue by the net income factor.

Represents estimated total net income within the salmon harvestin,q sector.
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Sales tax revenues received by local governments within each subarea were estimated by applying
the 2.25 percent local portion of the basic 7.25 percent sales tax rate within California to
estimated taxable sales generated by salmon fishing (Table 1-12). Revenues generated for local
governments by sales taxes are used for several purposes: funding general government services,
public protection, and local transportation projects.

The salmon fishing industry generates additional public revenues through fishing permit fees,
business tax payments, state income tax payments, and sales taxes generated by the salmon
processing sector. No effort was made to estimate these revenues and how these revenues benefit
local areas.

OTHER ECONOMIC VALUES

In addition to the values associated with increased recreation and increased commercial use of the
fisheries to be enhanced by the CVPIA, the CVPIA also can be expected to benefit "non-users" of
the fishery resource (individuals not directly benefiting from the resource). An important
component of this non-use value is existence value. This existence value represents the value that
non-user members of the public would place on knowing that the anadromous fisheries are being
improved, even though they would not make direct use of them.

These values were not estimated in the analysis of the CVPIA alternatives for several reasons.
First, considerable debate exists within the field of economics concerning the theory underlying
these values. Second, substantial time and resources are required to conduct an acceptable study
to estimate these values for the CVPIA. Finally, benefits transfer procedures, such as those used
for estimating recreation use benefits (as was done in this study), are generally considered
inappropriate for estimating existence values.

Although existence values associated with the improvement of fisheries through the
implementation of the CVPIA are not estimated, results from existence value studies for other
fishery enhancement programs provide some perspective on the potential magnitude of these
values. One particularly relevant study conducted on the West Coast focused on estimating the
public’s willingness to pay. for doubling salmon and steelhead runs in the Columbia Basin (Olsen
et al., 1991).

Approximately 2,900 households in the Pacific Northwest participated in the study by answering
questions about their willingness to pay to double salmon and steelhead runs. Respondents who
were not participants in either commercial fisheries or sport fisheries were considered as
expressing an almost "pure" form of existence value because they were considered as resource
non-users. Approximately 54 percent of resource non-users indicated a willingness to pay to
double the size of the fish runs. These non-users indicated a willingness to pay an additional
$26.42 per year (mean value in 1990 dollars) on their power utility bills to double the fish runs.

The existence value associated with enhancing California salmon fisheries has been assessed in
two contingent valuation studies. The value associated with restoring salmon rtms to the upper
San Joaquin River was evaluated by Jones & Stokes Associates (1990). Mean annual willingness
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to pay for increasing the run sizes of chinook salmon to 15,000 fish annually were approximately
$185 per household for California residents. In a study conducted by Meyer (1987), the mean
value associated with increasing chinook salmon runs in the San Francisco Bay-Sacramento/San
Joaquin River system by 10,000 fish annually was estimated at approximately $40 annually per
household.

These studies provid~ some insight into the values held by the public for improving conditions for
salmon and other anadromous fisheries; however, there is no supportable way to apply the results
of these studies to the CVPIA alternatives.
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